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ABSTRACT 

PROBLEM TO BE SOLVED: To realize a high-performance electrooptical device 
by selectively holding a metal element form-assisting the crystallization 
on an amorphous Si film formed on a substrate, heat-treating the amorphous 
Si film to modify a part thereof into a crystalline Si film and forming an 
is land- 1 ike semiconductor layer with only the crystalline Si film to be an 
active layer. 



SOLUTION: A silicon oxide film 104 is formed and only regions into which a 
crystallization assisting metal element is to be introduced later are 
selectively etched to form openings through which regions 105 formed like 



slits are exposed. A nickel nitrate solution of specified concentration is 
dripped to form a thin water film 106. After dehydrogenizing in an inert 
atmosphere, it is heat treated to crystallize an amorphous Si film 103 into 
a crystalline Si film 107. Gettering is applied to obtain an island-like 
semiconductor layer 110 not containing Ni or reduced enough to have no 
influence on the device characteristics. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a high- 
performance electrooptical device by selectively 
holding a metal element form-assisting the 
crystallization on an amorphous Si film formed on a 
substrate, heat-treating the amorphous Si film to 
modify a part thereof into a crystalline Si film and 
forming an island-like semiconductor layer with only 
the crystalline Si film to be an active layer. 
SOLUTION: A silicon oxide film 104 is formed and 
only regions into which a crystallization assisting 
metal element is to be introduced later are selectively etched to form openings 
through which regions 105 formed like slits are exposed. A nickel nitrate soln. of 
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- specified concn. is dripped to form a thin water film 106. After dehydrogenizing 
in an inert atmosphere, it is heat treated to crystallize an amorphous-Si film 103 
into a crystalline Si film 107. Gettering is applied to obtain an island-like 
semiconductor layer 110 not contg. Ni or reduced enough to have no influence 
on the device characteristics. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Invention indicated on these 
specifications relates to the semiconductor device which makes a barrier layer the 
semiconductor thin film formed on the base which has an insulating front face. It is 
related with the TFT which constituted the barrier layer from a crystalline silicon film 
especially. 
[0002] 

[Description of the Prior Art] In recent years, the technology which constitutes TFT 
(TFT) using the semiconductor thin film (number of thickness 100- about thousands ofA) 
formed on the base which has an insulating front face attracts attention. TFT is widely 
applied to an electron device like IC or electro-optics equipment, and development is 
especially hurried as a switching element of image display equipment. 
[0003] For example, the attempt which applies TFT to all electrical circuits, such as a 
pixel matrix circuit which controls separately the pixel field arranged in the shape of a 
matrix in the liquid crystal display, a drive circuit which controls a pixel matrix circuit, 
and logical circuits (a processor circuit, memory circuit, etc.) which process the data 
signal from the outside further, is made. 

[0004] The important portion which should also be called core of such TFT is a junction 
portion which joins a channel formation field and a channel formation field, and the 
source / drain field. That is, it can be said that a barrier layer affects the performance of 
TFT most. 

[0005] Generally the silicon (silicon) film formed using a plasma CVD method and 
reduced pressure heat CVD as a semiconductor thin film which constitutes the barrier 
layer of TFT is used. 

[0006] In the present condition, although TFT using the amorphous silicon film 
(amorphous silicon film) is put in practical use, TFT using the crystalline silicon film 
(polysilicon contest film) is needed for the electrical circuit which can ask for the further 
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highspeed operation performance like a drive circuit or a logical circuit. 
[0007] The technology indicated by JP,6-232059,A by these people and JP, 6-244 103, A 
as a method of forming a crystalline silicon film on a base is well-known. The technology 
indicated by this official report makes it possible to form the crystalline outstanding 
crystalline silicon film by 500 - 600 ** and heat-treatment of about 4 hours by using the 
metallic element (especially nickel) which promotes crystallization of silicon. 
[0008] moreover, the technology indicated by JP,7-321339,A - the above-mentioned 
technology - applying - a base ^- an outline ~ it is made to perform an parallel crystal 
growth and artificers are calling especially the formed crystallization field horizontal 
growth field (or lateral growth field) 

[0009] Since a pillar-shaped or needlelike crystal has the crystal structure object which 
gathered where travelling direction is arranged mostly, the crystalline silicon film formed 
by the starting technology has the feature of excelling in crystallinity. Therefore, if the 
crystalline silicon film formed using technology given [ above-mentioned ] in an official 
report is used as a barrier layer of TFT, it turns out that the thing TFT with a high 
performance of operation is producible. 

[0010] However, even if it constitutes a drive circuit using such TFT, it is not necessary 
to fill completely the performance demanded still more. Especially the thing for which 
the high-speed logical circuit of which the very highly efficient electrical property which 
realizes simultaneously high-speed operation and a high proof-pressure property is 
required is constituted from conventional TFT is impossible for the present condition. 
[0011] 

[Problem(s) to be Solved by the Invention] As mentioned above, in order to attain highly 
efficient- ization of electro-optics equipment etc., you have to realize TFT which has the 
performance which is equal to MOSFET formed using the single crystal silicon wafer. 
[0012] Then, invention indicated on these specifications makes it a technical problem to 
offer the very highly efficient thin-film-semiconductor equipment used as the 
breakthrough for realizing further highly efficient-ization of electro-optics equipment, 
and its production method. 
[0013] 

[Means for Solving the Problem] By the conventional method, it is possible needlelike or 
that improvement in the electric field effect mobility which is one of the parameters with 
which capture is carried out and a carrier (an electron or electron hole) shows a TFT 
property in the grain boundary (the grain boundary in this specification points out the 
boundary between needlelike or a columnar crystal as long as there is no notice) of a 
columnar crystal was barred as a reason which was not able to obtain the above highly 
efficient TFT. 

[0014] For example, much azygos joint hands (dangling bond) of a silicon atom and 
defective (capture) level exist in the grain boundary. Moreover, if the metallic element 
which promotes crystallization is used in the case of crystallization, it turns out that a 
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metallic element carries ou. a segregation to the grain boundary . 

[00 i 5] Therefore, since the trap of it will be easily carried out to an azygos joint hand, 

defective level, etc. if the carrier whichf moves in the interior of a columnar crystal 

approaches or contacts the grain boundary, the grain boundary is considered to have acted 

as that each is needlelike or "the malignant grain boundary" which checks movement of a 

carrier. 

[0016] In order to realize the semiconductor device of this invention, the technology for 
making such "the malignant grain boundary" change structurally, and carrying out 
conversion to "the benign grain boundary" for a carrier is indispensable. That is, it can be 
said that it is important that the probability of capturing a carrier at least considers the 
grain boundary with possibility it is small and small of barring movement of a carrier as 
formation. 

[0017] Therefore, the composition of invention indicated on these specifications The 
process which forms an amorphous silicon film on the base which has an insulating front 
face in producing the semiconductor device which has the barrier layer which becomes 
by the semiconductor thin film, The process which forms a mask insulator layer 
alternatively on the aforementioned amorphous silicon film, and the process which makes 
the metallic element which promotes crystallization to the aforementioned amorphous 
silicon film hold alternatively, The process which carries out conversion of some 
aforementioned amorphous silicon films [ at least ] to a crystalline silicon film by 1st 
heat-treatment, The process which removes the aforementioned mask insulator layer, and 
the process which forms the island-like semiconductor layer constituted only from an 
aforementioned crystalline silicon film by patterning as a next barrier layer, While 
carrying out gettering removal of the aforementioned metallic element in the 
aforementioned island-like semiconductor layer by performing 2nd heat-treatment into 
the atmosphere containing a halogen the process which forms the gate insulator layer 
which becomes by the thermal oxidation film — at least — having — the aforementioned 
barrier layer — the aforementioned base and an outline ~ it is characterized by the parallel 
thing for which two or more needlelike or columnar crystals gather, and are formed 
[0018] Moreover, the process which forms an amorphous silicon film on the base which 
has an insulating front face in case the composition of other invention produces the 
semiconductor device which has the barrier layer which becomes by the semiconductor 
thin film, The process which forms a mask insulator layer alternatively on the 
aforementioned amorphous silicon film, and the process which makes the metallic 
element which promotes crystallization to the aforementioned amorphous silicon film 
hold alternatively, The process which carries out conversion of some aforementioned 
amorphous silicon films [ at least ] to a crystalline silicon film by 1st heat-treatment, The 
process which removes the aforementioned mask insulator layer, and the process which 
forms the island-like semiconductor layer constituted only from an aforementioned 
crystalline silicon film by patterning as a next barrier layer, The process which carries out 
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gettering' removal of the aWementioned metallic element in the aforementioned island- 
like semiconductor layer by performing 2nd heat-treatment into the atmosphere 
containing a halogen, The process which removes the thermal oxidation film formed of 
the 2nd aforementioned heat-treatment, the process which forms in the aforementioned 
island-like semiconductor layer front face the thermal oxidation film which functions as a 
gate insulator layer by performing 3rd heat-treatment — at least - having — the 
aforementioned barrier layer — the aforementioned base and an outline — it is 
characterized by the parallel thing for which two or more needlelike or columnar crystals 
gather, and are formed 

[0019] If a crystalline silicon film is formed by the production method according to the 
above composition, the thin film of appearance as shown in drawing 9 will be obtained. 
The horizontal growth field 90 1 which drawing 9 is an expansion microphotography at 
the time of carrying out this invention using technology given in JP, 7-32 1 33 9, A as a 
crystallization means of an amorphous silicon film, and attains to no less than 100 
micrometers of length numbers is formed. 

[0020] In addition, this horizontal growth field 90 1 has needlelike or the feature that 
crystal orientation has gathered, in order that the columnar crystal may carry out the 
crystal growth to outline parallel almost perpendicularly and mutually to the field (shown 
by 902) which added the metallic element which promotes crystallization. Moreover, the 
macroscopic grain boundary (it distinguishes from the grain boundary between needlelike 
or a columnar crystal) which has been prolonged from the addition field 902 which faced 
each other and in which needlelike or the columnar crystal collided and was formed is 
shown by 903. 

[002 1 ] Furthermore, the transverse-electromagnetic photograph which expanded the 
interior of crystal grain even by 250,000 times paying attention to the interior of the 
horizontal growth field shown in drawing 9 is drawing 10 (A). Moreover, drawing 14 (B) 
expressed the structure of drawing 14 (A) typically. 

[0022] That is, although the crystalline silicon film of this invention looks [ consist of / 
big horizontal growth fields 901 / like drawi ng 9 ] macroscopic, if the horizontal growth 
field 901 is observed microscopically in fact, as shown in drawin g 10 (B), they are 
needlelike or the crystal structure object with which a columnar crystal 1001 is 
constituted by more than one gathering. 

[0023] moreover, that it is needlelike that drawing 10 (B) is shown by 1002 needlelike 
from the direction where it is the grain boundary which shows the boundary of columnar 
crystals, and the grain boundary 1002 is prolonged or a columnar crystal 1001 - mutual - 
- an outline — it can check having carried out the crystal growth in the parallel direction 
[0024] moreover, gettering removal of the metallic element (let nickel be the main 
example on these specifications) which promotes crystallization by heat-treatment by the 
atmosphere in which the semiconductor device of this invention contains a halogen is 
carried out — 1x1018 atoms/cm3 Nickel which remained by the above concentration 
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1x1018 atoms/cm3 Decreasing below (preferably below lxlOi / atoms/cm3) is checked 
by SIMS analysis (secondary ion mass spectroscopy). 

[0025] Of course, it is thought that gettering removal of other metallic elements (Cu, 
aluminum, etc.) mixed by contamination etc. is carried out similarly. 
[0026] Moreover, although the combination goes out and the silicon atom combined with 
nickel forms many non-coupling hands at this time, between the heat-treatment in the 
above-mentioned halogen atmosphere, it combines with oxygen and an oxide 
(oxidization silicon) is formed. Consequently, oxidization silicon is formed in the field 
which was "the malignant grain boundary", and it is thought that it becomes the 
composition that oxidization silicon functions as the grain boundary substantially. 
[0027] Thus, it is surmised that the formed grain boundary 1002 will be in the state 
excellent in the adjustment in which the interface of oxidization silicon and crystal silicon 
hardly includes a lattice defect. This is because the silicon atom between grids which 
causes a defect by the synergistic effect of process in which oxidization silicon is formed 
of thermal oxidation, and process in which the reunion of silicon atoms or a silicon atom, 
and an oxygen atom is promoted by the catalysis of nickel is consumed. 
[0028] That is, the grain boundary shown by 1002 in drawing 10 does not almost have a 
defect which captures a carrier, and it is thought that it acts as "the benign grain 
boundary" which functions only as an energy- [ only ]-needlelike or obstruction for the 
carrier which moves in the interior of a columnar crystal. 

[0029] Moreover, since, as for such the grain boundary, a thermal oxidation reaction 
advances preferentially, a thermal oxidation film is formed more thickly than other fields. 
Therefore, in case a thermal oxidation film is used as a gate insulator layer, it is surmised 
that it may become an energy-[ the gate voltage impressed near the grain boundary is 
small seemingly, and / a bird clapper] obstruction. 

[0030] However, if the below-mentioned TFT property is taken into consideration, it will 
be surmised that the energy barrier of the grain boundary 1002 is not so high as it bars 
movement of a carrier completely, and the carrier which moves exceeding the grain 
boundary exists by remarkable probability. 

[003 1] moreover, this heat-treatment — 700 ** -- exceeding (typically 800-1 100 degrees 
C) ~ when carrying out at comparatively high temperature, needlelike or a crystal defect 
called the dislocation and stacking fault which exist in the interior of a columnar crystal 
will disappear mostly Furthermore, termination of the non-coupling hand of the silicon 
atom which remained is carried out by hydrogen and the halogen which are contained in 
a film. 

[0032] Therefore, this invention persons define the field inside two or more needlelike or 
columnar crystals as "a field it can be considered that is a single crystal substantially for a 
carrier" in the state which shows in drawing 10 (A) obtained as mentioned above. 
[0033] It means that there is no obstruction which a carrier faces moving, saying "it can 
be regarded as a single crystal substantially for a carrier", and bars movement of a carrier, 
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and is : put in another way a* that there is neither a crystal defect nor a grain boundary, the 
potential barrier which serves as an obstruction in energy not existing, etc. 
[0034] The highly efficient semiconductor device which is sufficient for this invention 
constituting the barrier layer of the semiconductor device represented by TFT using the 
crystalline silicon film which becomes with the above composition, and constituting a 
drive circuit and a logical circuit is realized. 

[0035] Suppose that it has in the example indicated below about the composition of the 

above this inventions, and detailed explanation is given. 

[0036] 

[Example] 

[Example 1] this example shows the example which used the crystalline silicon film 
formed according to the production method of this invention as a barrier layer of TFT 
(TFT). Being shown in drawing 1 is one example of the production process of TFT. 
[0037] In addition, the crystallization means of the amorphous silicon film used by this 
example is the technology indicated by JP,7-321339,A. Therefore, in this example, since 
it stops to indicate the outline, it is good to refer to the aforementioned official report for 
details. 

[0038] The base 101 which has an insulating front face first is prepared. In this example, 
the oxidization silicon film 102 is formed in thickness of 2000 A as a ground film on a 
quartz substrate. What is necessary is just to use reduced pressure heat CVD, a plasma 
CVD method, a spatter, etc. as the membrane formation method of the oxidization silicon 
film 102. Moreover, when the upper limit temperature of a TFT production process is 
below 700 **, it is also possible to use a glass substrate as a base 101. 
[0039] In addition, in case an amorphous silicon film is crystallized behind, research of 
this invention persons shows that the crystallinity of the crystalline silicon film with 
which the one where a ground film is more precise is obtained is good. To moreover, the 
inside of a film 5x1017-2x1019 atoms/cm3 It is desirable when oxygen is contained. 
The oxygen contained in the film plays a role important in a next crystal or the case of 
getter ing proces sing of the m etallic element which promotes. 

[0040] Next, amor phous silicdn film 103 Membranes are formed by reduced pressure 
heat CVD in thickness of 750A. What is necessary is just to use a disilane (Si two H6), 
trishiran (Si three H8), etc. as membrane formation gas. In addition, the amorphous 
silicon film which formed membranes by reduced pressure heat CVD has a small rate of 
natural karyogenesis in the case of next crystallization. This thing is desirable, when 
enlarging horizontal growth width of face, since the rate each crystal carries out [ a rate ] 
a mutual interference (it collides and growth stops) decreases. 

[0041] Of course, it is also possible as the membrane formation method of the amorphous 
silicon film 103 to use a plasma CVD method, a spatter, etc. 

[0042] Next, the oxidization silicon film 104 with a thickness of 500- 1200 A is formed by 
the plasma CVD method or the spatter, and etching removal only of the field which 
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introduces the metallic element which promotes crystallization oehind is carried out 
alternatively^ That is, this oxidization silicon film 104 functions as a mask insulator layer 
for introducing nickel alternatively to the amorphous silicon film 103. 
[0043] The field 105 exposed with the oxidization silicon film 104 is formed in the 
direction perpendicular to space in the shape of [ which has a longitudinal direction ] a 
slit. (DrawingX(A})_^_ 

[0044] Next T mnighnslrra iaia^ed^nto oxygen atmosphere and a very thin oxide film 
(not shown) is formed in the front face of the amorphous silicon film 103 exposed by the 
field 105. This oxide film is for improving the wettability of a solution at the solution 
application process at the time of introducing the metallic element which promotes 
crystallization behind. 

[0045] In addition, although a kind or two or more kinds of elements which were chosen 
from Fe, Co, nickel, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au are used as a metallic element 
which promotes crystallization, this example explains taking the case of nickel (nickel). 
[0046] Next, the nickel nitrate solution (or nickel acetate solution) which contained 
nickel by predetermined concentration (it is 10 ppm by weight conversion at this 
example) is dropped, and the thin water screen 106 which contained nickel by the spin 
coat method is formed. The nickel concentration added in an amorphous silicon film is 
easily controllable by adjusting the concentration of a nickel salt solution in a solution 
application process. (Drawing 1 (B)) (7) 

[0047] Next, in 500 after performing 450 **and hydrogen **** of about 1 hour into an 
inert atmosphere - 700 **, and a representation target, it is at the temperature of 550 - 600 
**. 4^8"Heat-trea^ehTX4,st teaMreatment) of time is added, and the amorphous silicon 
film l^ls^crysMifzeU In this w^lhe'crystalline silicon film 107 is obtained. (Drawing 
1 (C)) 

[0048] this time - that a crystal growth is needlelike or a columnar crystal - a substrate - 
- an outline -- it goes on in the parallel direction Since the field where it is shown by 105 
in the case of this example serves as [ of the drawing ] the shape of a slit which has a 
longitudinal direction in the **** direction from this side, as shown by the arrow 108, a 
crystal growth advances toward outline 1 direction. At this time, it can be made to 
perform a crystal growth over hundreds of micrometers or more. 

[0049] In addition, a nickel addition field is shown by 109 and it contains nickel by high 
concentration compared with the horizontal growth field 107. The crystallinity of the 
field is not so good, in order that a crystalline nucleus may crowd too much and may 
carry out the crystal growth of the addition field 109. Therefore, the barrier layer formed 
behind consists of fields except the addition field 109. 

[0050] In the case of crystallization, the nickel contained in the water screen 106 is 
diffused in the amorphous silicon film 103 through the oxide film which is not illustrated, 
and functions as a catalyst which promotes crystallization. Nickel and silicon specifically 
react, silicide is formed, it serves as a crystalline nucleus, and crystallization advances. 
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[iX)5 1] axrystal needle like L a crystal growth / from the field wnich the crystalline 
nucleus generated ] at this time, or pillar-shaped — a substrate ~ an outline — it extends 
and goes on in the parallel direction Under the present circumstances, if the temperature 
of heat-treatment exceeds 600 **, natural karyogenesis will arise regardless of the 
catalysis of nickel. Then, since [ which uses nickel silicide as a crystalline nucleus ] the 
crystal growth of needlelike or a columnar crystal is checked and the growth width of 
face of a crystal growth becomes short, it is not desirable. Therefore, there is little natural 
karyogenesis and it is desirable to consider as conditions which a crystalline nucleus 
generates only with the introduced nickel. 

[0052] Next, if the heat-treatment for crystallization is completed, the oxidization silicon 
film 104 used as the mask insulator layer for adding nickel alternatively will be removed. 

This process is easily performed by buffered fluoric acid eta ^ 

[0053] In addition, you may {give iaserannealirig by "the" excimer lase £ to the back before 
heat-treatment in the atmosphere containing a next halogen to the crystalline silicon film 
105. However, although the crystallinity of a crystalline silicon film can improve by laser 
radiation, since irregularity is easy to be formed in a silicon film front face, cautions are 
required. 

[0054] Next, patterning of the obtained crystalline silicon film 107 is carried out, and the 
island- like semiconductor layer 1 10 is formed. The island- like semiconductor layer 110 
functions as a barrier layer of TFT later. In addition, in this invention, arrangement of an 
island-like semiconductor layer is important. About that, it mentions later. 
[0055] Moreover, although heat-treatment in the atmosphere containing the following 
halogen is performed in this example after forming the island-like semiconductor layer 
116, beJai^o«ning-arUsland^ 

heat-treatment in the atmQsplierfi..CQntairiing..a.halQgen. $ > 

[0056] However, it is desirable, when carrying out gettering of the nickel efficiently, 
since the surface area of direction [ after processing the crystalline silicon film 107 in the 
shape of an island ] increases. 

[0057] Moreover, although the island-like semiconductor layer 1 10 is formed by the dry 
etching method, there is a possibility that the plasma damage which remained on the edge 
of an island- like semiconductor layer then may cause a leakage current of TFT. In the 
case of this example, since the edge of the island-like semiconductor layer 1 10 is 
oxidized thermally, it serves also as removal of a plasma damage. 
[0058] Next, it heat-treats in the atmosphere which contains a halogen to the island-like 
semiconductor layer 1 10 obtained according to the above-mentioned process (2nd heat- 
treatment). The temperature requirement of heat-treatment is the temperature exceeding 
700 **, considers as 800-1000 degrees C (typically 950 **) preferably, and is the 
processing time. On 1 - 24 hours, and a representation target You may be 6 - 12 hours. 
[0059] In this example, 950 ** and heat-treatment for 30 minutes are performed into the 
atmosphere which made the hydrogen chloride (HCl) contain [ be / under / oxygen (02) 
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atmosphere / receiving / it j oy the concentration of 0.5 - 10 volume %. In addition, if 
flci concentration is carried out to more than the above-mentioned concentration, since 
irregularity of the same grade as thickness arises on the film front face of a crystalline 
silicon film, it is not desirable. 

[0060] And on the front face of the island-like semiconductor layer 1 10, the silicon film 
of about 250 ** oxidizes by this heat-treatment. The 500A thermal oxidation film 111 is 
formed, and the thickness of the island-like semiconductor layer 1 10 is abbreviation. It 
becomes 5 00 A. 

[0061] In order to acquire the effect, it is important for the heat-treatment for gettering to 
carry out at the temperature more than 700 **. It is because the thermal oxidation film 
formed in the film front face serves as a blocking layer and it becomes impossible to 
acquire sufficient gettering effect at the temperature not more than it. 
[0062] Moreover, gettering processing can set up various conditions by setting up 
processing temperature, processing atmosphere, and the processing time suitably. For 
example, it can attain by lowering processing temperature or reducing the content of a 
halogen to lengthen the processing time and set up efficiency gettering time for a long 
time. 

[0063] Moreover, it serves as both the purpose which carries out gettering removal of the 
nickel contained in the island-like semiconductor layer 1 10 (the segregation is strictly 
carried out to the grain boundary of needlelike or a columnar crystal) by the halogen, and 
the purpose which forms a thermal oxidation film and utilizes it as a gate insulator layer 
in this example. 

[0064] Of course, both purposes can be divided separately and heat-treatment for 
gettering and heabtreatment (3rd heat-treatment) for thermal oxidation film (gate 
insulator layer) formation can also be performed separately. 

[0065] Moreover, the gate insulator layer which comes by the oxidization silicon film on 
an island-like semiconductor layer may be formed by the means of a plasma CVD 
method, reduced pressure heat CVD, or a spatter, and heat-treatment in the atmosphere 
containing the above-mentioned halogen may be performed after that. 
[0066] in addition - although the compound was carried out and the example containing 
a halogen using HCl gas was shown by this example - as the other gas - HF, NF3, HBr, 
C12, CIF3, BC13, F2, and Br2 etc. ~ a kind or two or more sorts of things chosen from the 
compound containing a halogen can be used Moreover, generally the hydride or the 
organic substance (charcoal hydride) of a halogen can also be used. 
[0067] In this process, gettering of needlelike or the nickel which segregated to the grain 
boundary of a columnar crystal is carried out by operation of a halogen, it becomes an 
volatile nickel chloride and it is thought that it is broken away and removed into the 
atmosphere. 

[0068] Or nickel is not contained by the above gettering process, it is checked by SIMS 
analysis that the island-like semiconductor layer 1 10 reduced by even the grade (below 
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ljcl'pi : 8 atoms/cm3 preferauiy below 1x1017 atoms/cm3) whicn does not affect a device 
property is obtained. Moreover, the high impurity concentration in this specification is 
had and defined by the minimum value of the measurement value obtained by SIMS 
analysis. (Drawing 1 (D)) . 

[0069] In addition, in this invention persons' knowledge, the nickel used for promotion ot 
crystallization is in the needlelike or inclination which carries out many segregations to 
the grain boundary of a columnar crystal, and it is thought that it is hardly contained 
substantially [ inside a columnar crystal ] needlelike. 

[0070] However, by the present SIMS analysis, since the information on both the interior 

of a crystal and the grain boundary is gathered, the concentration of the nickel in this 

specification means strictly the average concentration which equalized the nickel 

concentration contained in the interior of a crystal, and the grain boundary. 

[0071] Moreover, when a gettering process is performed, the halogen used for gettenng 

processing in a crystalline silicon film 1x1015 - 1x1020 atoms/cm3 It remains by 

concentration. There is an inclination to be distributed between a crystalline silicon film 

and a thermal oxidation film at high concentration, in that case. 

[0072] In addition, the nickel removed in the above-mentioned gettering process is 

extruded to the grain boundary of needlelike or a columnar crystal in the case of 

crystallization, and segregates. That is, it is thought by the grain boundary that it existed 

as nickel silicide. ■ ; A 

[0073] The nickel which existed as nickel silicide turns into, a nickel chloride, it secedes 
from it, and the azygos joint hand of silicon that combination with nickel was cut will be 
in the state of existing in the grain boundary mostly. 

[0074] However, it is thought that it combines with oxygen easily and the azygos joint 
hand formed since the above-mentioned process was performed at comparatively high 
temperature into an oxidizing atmosphere forms an oxide (oxidization silicon expressed 
with SiOX). That is, this invention persons think that a crystalline silicon film serves as a 
crystal structure object on which oxidization silicon functions as the grain boundary 
according to a series of above-mentioned heating processes. 

[0075] Nforeover, since termination of the azygos joint hand which remained is carried 
out by hydrogen and the halogen which are contained in the island-like semiconductor 
layer 110 or it is compensated by the reunion of silicon and crystal defects, such as 
transposition and a stacking fault, disappear mostly by the reunion and the rearrangement 
of a silicon atom further, it is thought that the crystallinity inside needlelike or a columnar 
crystal is also improved remarkably. 

[0076] Therefore, a columnar crystal is remarkable needlelike, crystallinity is improved, 
and the island-like semiconductor layer 110 consists of crystal structure objects with the 
field for which it is enough removed by even the grade nickel does not have [ grade ] 
trouble in a device property by heat-treatment in halogen atmosphere, and the island-like 
semiconductor layer 1 10 is constituted and it can be substantially considered for a carrier 
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that is a single crystal. 

[6077] If it ends to formation of the gate insulator layer (thermal oxidation film) 1 1 1 as 
mentioned above, it will have an aluminum film (not shown) for next constituting a gate 
electrode in the thickness of 2500A by the spatter, and membranes will be formed. A 
scandium is made to contain 0.2% of the weight in this aluminum film for a hillock or 
whisker prevention. 

[0078] In addition, although the material which makes ARUMINIMU a principal 
component as a material which forms a gate electrode (gate ********) i s used in this 
example, a tungsten, a tantalum, molybdenum, etc. can also be used for others. Moreover, 
you may utilize the crystalline silicon film which gave conductivity as a gate electrode. 
[0079] the pole which will not be illustrated on the front face if an aluminum film is 
formed ~ a thin oxide film on anode is formed This oxide film on anode performs as an 
electrolyte what neutralized the ethy lene glycol solution containing 3% of tartaric acid 
with aqueous ammonia. Namely, anodic oxidation is performed by using platinum as 
cathode into this electrolyte, using an aluminum film as an anode plate. 
[0080] The oxide film on anode formed at this process has precise membraneous quality, 
and it functions in order to raise adhesion with the resist mask formed behind. In 
addition, thickness of this oxide film on anode is taken as a 100 ** grade. Moreover, 
thickness is controllable by applied voltage. 

[0081] Next, the pattern 1 12 of the aluminum film of the shape of an island which carries 
out patterning of the aluminum film and serves as a prototype of a gate electrode as 
shown in dra win g 1 (D) is formed. In addition, the resist mask (not shown) used at this 
time is made to remain as it is. (Drawing 2 (A)) 

[0082] And anodic oxidation which used the pattern 1 12 of an aluminum film as the 
anode plate again is performed. Here, 3% of oxalic acid solution is used as an electrolyte. 
In this anodic oxidation process, since the resist mask which is not illustrated exists, 
anodic oxidation advances only in the side of the pattern 1 12 of aluminum. Therefore, as 
drawing 2 (B) shown in 113, an oxide film on anode is formed. 

[0083] Moreover, the oxide film on anode 113 formed at this process has the shape of 
porosity, and can also make the growth distance perform to several micrometers. The 
thickness of the oxide film on anode 113 of the shape of this porosity is 0.7. It is referred 
to as mum. Moreover, the thickness of this oxide film on anode 1 13 is controllable by 
anodic oxidation time. 

[0084] If the oxide film on anode 113 of the shape of porosity shown in drawing. 2 (B) is 
formed, the resist mask which is not illustrated will be removed. And the precise oxide 
film on anode 1 14 is formed by performing anodic oxidation for the second time. This 
anodic oxidation process is performed on the same conditions as having formed the 
above-mentioned precise oxide film on anode. 

[0085] However, thickness to form is made into 900 **: In this process, in order that an 
electrolyte may advance into the interior of the porosity-like oxide film on anode 1 13, as 
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shdwii iii drawing 2 (B), au oxide film on anode 1 14 is formea. Moreover, if thickness of 
aii oxide film on anode 1 14 is thickened like 1500 A or more, an offset gate field can be 
formed in the pouring process of next impurity ion. 

[0086] Moreover, the gate electrode 1 15 demarcates through the above process. The 
precise oxide film on anode 1 14 functions in order to protect the front face of the gate 
electrode 1 1 5 or to suppress generating of a hillock or a whisker in a next process. 
[0087] Next, if it forms to the precise oxide film on anode 1 14, the impurity ion for 
forming the source / drain field in this state will be poured in. What is necessary is to 
pour in P (Lynn) ion, if N channel type TFT is produced, and just to pour in B (boron) 
ion, if P channel type TFT is produced. 

[0088] In this process, the source field 1 16 and the drain field 1 17 where the impurity 
was added by high concentration are formed. 

[0089] Next, using the mixed acid which mixed the acetic acid, the phosphoric acid, and 
the nitric acid, after removing the porosity-like oxide film on anode 113 alternatively, the 
ion implantation of P ion is performed again. Rather than the time of forming previous 
source / drain field, it has this ion implantation by the low dose, and it is performed. 
(Drawing 2 (Q) 

[0090] Then, as compared with the source field 1 16 and the drain field 1 17, the low of 
high impurity concentration and the low concentration impurity ranges 1 18 and 1 19 are 
formed. And the field shown by 120 of gate electrode 115 directly under becomes a self- 
adjustment target with a channel formation field. 

[0091] In addition, especially the low concentration impurity range 1 19 arranged between 
the channel formation field 120 and the drain field 1 17 is called LDD (light doped lane 
field) field, and has the effect which eases the high electric field formed between the 
channel formation field 120 and the drain field 117. 

[0092] Moreover, the channel formation field 120 (strictly needlelike or interior of a 
columnar crystal) consists of genuineness fields genuineness or substantially. About 1/of 
activation energy is it 2 that it is a genuineness field genuineness or substantially (a Fermi 
level is located in the center of a forbidden band), and it means that high impurity 
concentration is a low field or that it is the undoping field which does not add impurities, 
such as P or B, intentionally rather than spin density. 

[0093] Furthermore, annealing of the field where the ion implantation was performed is 
performed after the pouring process of the above-mentioned impurity ion by performing 
irradiation of a laser beam, infrared light, or ultraviolet radiation. Activation of addition 
ion and the recovery of damage which the barrier layer received at the time of an ion 
implantation are performed by this processing. 

[0094] Moreover, it is effective if a plasma hydrogen treating is performed by the 
temperature requirement of 300 - 350 ** here for 0.5 to 1 hour. This process carries out 
hydrogen termination of the azygos joint hand generated by hydrogen desorption from a 
barrier layer again, if this process is performed - inside of a barrier layer 1x1021 atoms / 
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cm$ the following -- desirauie -- 1x1015 to 1x1021 atoms / cmj Hydrogen is added by 
concentration. 

[0095] In this way, if the state which shows in drawing 2 (C) is acquired, next, 
membranes will be formed layer insulation film 121. The layer insulation film 121 has 
and consists of cascade screens of an oxidization silicon film, a silicon nitride film, an 
oxidization silicon nitride film, organic nature resin films, or those films. (Drawing 2 (D)) 

[0096] If a silicon nitride film is used, since it can prevent the hydrogen added at the last 
process re-emitting to the device exterior, it is desirable. 

[0097] Moreover, since specific inductive capacity is small when the polyimide which is 
an organic nature resin film is used, the parasitic capacitance during vertical wiring can 
be reduced. Moreover, since it can form by the spin coat method, thickness can be earned 
easily, and improvement in a throughput can be aimed at. 

[0098] Next, layer insulation film 121 contact hole is formed, and the source electrode 
122 and the drain electrode 123 are formed. By heat-treating in 350 more-degree C 
hydrogen atmosphere, the whole element is hydrogenated and TFT shown in drawing! 
(D) is completed. 

[0099] Although TFT shown in drawing 2 (D) has simplest structure for explanation, it is 
easy to consider as desired TFT structure suitably by adding some change and additions 
to the production process procedure of this example. If it follows, it is possible to produce 
the circuits TFT (an inverter circuit, a shift register circuit, a processor circuit, memory 
circuit, etc.) which constitute the pixel TFT which constitutes the pixel matrix circuit of 
active-matrix type display, and a logical circuit. 

[0100] Here, in case the island-like semiconductor layer 1 10 is formed as mentioned 
above, the arrangement explains the reason for being important. Explanation is performed 
using drawing 3 . 

[0101] When this example is carried out, in order that a columnar crystal may grow up to 
be outline parallel mutually, there is needlelike or the feature that on the other hand the 
grain boundary is equal to **. Moreover, it is possible needlelike or to control freely the 
direction as for which a columnar crystal carries out a crystal growth by adding 
alternatively the metallic element which promotes crystallization. This thing has a very 
important meaning. 

[0102] One example in which the island-like semiconductor layer was formed on the base 
which has an insulating front face here is shown in drawing 3 . What is shown in drawing 
3 is an island-like semiconductor layer arranged in the shape of a matrix on a base 301 in 
producing active matrix liquid crystal display. 

[0103] In addition, the field shown with the dashed line of 302 is the place where the 
field for introducing nickel alternatively existed. Moreover, 303 is the place where the 
macroscopic grain boundary in which the horizontal growth field collided mutually and 
was formed existed. Since these cannot be checked after they form an island-like 
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sernicohductor layer, they are made to be shown by the dotted line. 

ft) 104] moreover, the case where it crystallizes with the means shown by this example — 

needlelike or a columnar crystal — the nickel addition field 302 ~ receiving — an outline - 

- it grows up in the perpendicular direction (direction shown by the arrow all over 

drawing) 

[0105] Therefore, the direction of a channel and the grain boundary of needlelike or a 
columnar crystal can be arranged in the same direction by arranging the island-like 
semiconductor 304 like drawing 3 . And it is possible to realize the above composition on 
the whole substrate surface by designing so that the nickel addition field 302 may be 
attained from the edge of a substrate 301 to an edge. 

[0106] When it is such composition, the direction of a channel, and needlelike or the 
direction where a columnar crystal is located in a line will be in agreement. If it puts in 
another way, it will exactly be needlelike or in agreement [ the direction of a channel 
and / the move direction of the carrier which moves in the interior of a columnar crystal ]. 

[0107] That is, in case it functions as a barrier layer of TFT, the energy barrier which bars 
movement of a carrier in a channel formation field means the very few thing, and the 
further improvement in a working speed can be expected. 

[0108] Therefore, TFT shown in this example can realize operation very high-speed by 
considering as composition the direction where a columnar crystal is prolonged, and 
whose direction of a channel correspond needlelike. 

[0109] Here, the electrical property of the semiconductor device shown in drawing. 2 (D) 
which this invention persons produced according to this example is shown in drawing 4 . 
In drawing 4 (A), the electrical property (Id-Vg property) of N channel type TFT and 
drawing 4 (B) show the electrical property of P channel type TFT. In addition, Id-Vg The 
graph which shows a property displays the measurement result for ten points collectively. 

[01 10] VG(s) of a horizontal axis are a gate-voltage value and current value to which ID 
of a vertical axis flows between the source/drain. Moreover, Id-Vg shown by 401 and 403 
A property (Id-Vg curve) is Id-Vg which shows the property at the time of drain voltage 
VD=1 V, and is shown by 402 and 404. The property shows the property at the time of 
drain voltage VD=5V. Moreover, 405 and 406 show the leakage current at the time of 
drain voltage VD=1V. 

[01 1 1] In addition, drain current of an OFF field ( drawing 4 (A) below - IV and drawing 
4 (B) more than -IV) (Ioff) Most the leakage current (IG) of ON and a /OFF field Since it 
is below 1x10-13 A (measurement minimum community), it will be mixed up with the 
noise in drawing 4 (A) and (B). 

[0112] Here, the typical property parameter of TFT by this invention for which it asked 
from the electrical property shown in drawing 4 (A) and (B) is shown in Table 1 and 
Table 2. In addition, Table 1 is as a result of the electrical property (arbitrary 20-point 
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measurement) of N channe. type TFT, and Table 2 shows the result of the electrical 

property (arbitrary 20-point measurement) of P channel type TFT. 

[0113] 

[Table 1] h#+**i£TFTM£iSS: (SingleGate) 
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[Table 2] 
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[0115] the point which should be noted especially in Table I and Table 2 - a sub 
threshold level property (S value, S-value) - 60 - 100 mV/dec, so that it is settled in 
between - small - mobility (micro FE, mobility) -- 150-300cm2/Vs ** -- it is very large 
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so. thaV'it 'may say In addition, mobility means electric field effect mobility in this 

foi^^IUs proving that such measurement data is the values which cannot be attained in 
the conventional TFT, and it is just very highly efficient TFT which is equal to MOSFET 
which TFT by this invention produced on the single crystal. 

[0117] Moreover, it is simultaneously checked by the acceleration deterioration test by 
measurement repeatedly that TFT by this invention is very strong to degradation. 
Although it has the fault that TFT which carries out high-speed operation expenentially 
tends to deteriorate, TFT by this invention does not have degradation, either and it has 
become clear to have the very high proof-pressure property. 

[0118] Moreover, in Table 1 and Table 2, the average and standard deviation (sigma 
value) are also indicated as reference. Standard deviation is used as a scale of the 
distribution (variation) from the average. Supposing a measurement result (population) 
generally follows a normal distribution (Gaussian distribution), it is known that 99.7% 
will go into the inside of **lsigma in the inside of **2sigma 95.4% 68.3% of the whole 
focusing on the average at the inside of **3sigma. t/ > ATr 
rOl 191 For example, it is N channel type TFT produced by this invention 100 It 
individual measurement is carried out, the S value of TFT of the 95 private contracts will 
be 60 - 100 mV/dec (when it is P channel type TFT, it is 70 - 100 mV/dec). It means 
fitting in the range. ^ ^ 

[0120] In order that this invention persons might evaluate distribution ot the 1 £ 1 
property of this example to accuracy more, they measured 540 TFT and asked for the 
average and aim deflection from the result. Consequently, the averages of S value were 
80 5 mV/dec (n-ch) and 80.6 mV/dec (p-ch), and standard deviation was 5.8 (n-ch) and 
1 1.5 (p-ch). moreover, mobility (max) the average - 194.0cm2/Vs (n-ch) and 
131 8cm2/Vs (p-ch) it is -- standard deviation was 38.5 (n-ch) and 10.2 (p-ch) 
[0121] That is, a TFT property as shown below can be acquired in N channel type TFT 

using this invention. , n t/zj t r-* ■ 

(1) The sigma values of S value are 5 mV/dec preferably less than 10 mV/dec. It fits in 

less tln3.n 

(2) Less than 80**30 mV/dec of S value is preferably settled in less than 80** 15 mV/dec. 

(3) The sigma value of muFE is preferably settled within 35cm2/Vs less than 40cm2/Vs. 
[0122] Moreover, a TFT property as shown below can be acquired in P channel type TFT 
using this invention. . 1A 
(1) Less than 15 mV/dec of sigma values of S value is preferably settled in less than 10 

aT^value Less than 80**45 mV/dec is preferably settled in less than 80**30 mV/dec. 
(3) The sigma value of muFE is preferably settled within 10cm2/Vs less than 15cm2/Vs. 
[0123] As mentioned above, TFT by this invention can constitute logical circuits which 
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need high-speed operation, ouch as a complicated SRAM circuit, a complicated DRAM 
circuit, etc. which realize the extremely excellent electrical property and were produced 
on the single crystal until now and where only MOSFET was used. 
[0124] Moreover, although this example has indicated only the example of a production 
process of TFT of single-gate structure, it is applicable also to TFT of multi-gate 
structure which has TFT of double-gate structure, and a gate electrode beyond it. 
[0125] Moreover, it is also possible to produce reverse stagger type TFT, using a 
crystalline silicon film as a gate electrode. That is, this invention cannot be realized by 
raising the crystallinity of a barrier layer, and TFT structure can be carried out, without 

[0126^ [Knowledge about the crystal structure object acquired by this invention] The 
thing which is needlelike or the crystal structure object which becomes by the aggregate 
of a columnar crystal as [ the thing ] the crystalline silicon film obtained by this invention 
shown in drawing 10 (A) was already described. Here, comparison with the crystal 
structure object by this invention and the crystal structure object formed by other 

methods is performed. . 
[0127] The photograph shown in drawing 11 is a transverse-electromagnetic photograph 
of the sample which completed even crystallization of an amorphous silicon film m the 
procedure of an example 1. That is, the crystal structure of the crystalline silicon film 
which omits heat-treatment containing a halogen is shown. 

[0128] Many dislocation defects (inside of the circle shown by 1 101) exist m the interior 
of needlelike or the columnar crystal immediately after crystallization so that it can check 
in drawing 1 1 . However, with the transverse-electromagnetic photograph shown in 
drawing 10 (A), such a dislocation defect is not checked but it turns out that it has the 
beautiful crystal structure. . 
[0129] This thing serves as proof of heat-treatment in the atmosphere which contains a 
halogen in this invention having contributed to the crystalline improvement greatly. 
[0130] Moreover, the crystal structure object shown in drawingJ2 is an example in case 
this inventions shall differ the crystallization conditions of an amorphous silicon film. An 
amorphous silicon film is specifically crystallized by performing heat-treatment of 600 
**48 hours in nitrogen-gas-atmosphere mind, and thermal oxidation processing has been 
performed at the temperature of about 900-1 100 degrees C. 

[0131] As shown in gnawing 12 (A), each crystal grain of the crystalline silicon film 
formed as mentioned above is "large, and it is in the state where it was divided by the 
grain boundary distributed irregularly. Moreover, it is dxawmgil (B) which expressed 
drawing 12 (A) typically. - . 

[0132] Crystal grain 1201 is in the state where it was surrounded by the irregular grain 
boundary 1202, in drawing 12 (B). Therefore, if the crystal structure object actually 
shown in drawing 12 (A) is used as a barrier layer of TFT, the energy barrier produced by 
the irregular grain boundary 1202 will check movement of a carrier. 
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[0lV3j"dn the other hand, u.e crystal structure object as shown m drawin g_10 (A) is in the 
state where the grain boundary 1002 arranged with a certain amount of regularity, as 
[ show / in drawing 10 (B) ]. Therefore, in the interior of a columnar" crystal, it is thought 
that there is not needlelike or an energy barrier which checks movement of a carrier. 
[0134] In addition, that this invention persons are needlelike or as a result of observing 
the array state of a columnar crystal by the about 10,000 to 50,000-time wide field of 
view, it is checked needlelike or that there is a case so that a columnar crystal may 
advance zigzag. A crystal growth is a phenomenon resulting from going in the direction 
stable in energy, and this is conjectured that a kind of grain boundary is formed in the 
part which crystal orientation converted. 

[0135] However, it is being surmised that it is a thing like a twin crystal grain boundary 
with this grain boundary inactive in energy needlelike [ this invention persons ] that may 
be produced inside a columnar crystal. That is, although crystal orientation differs, I am 
the grain boundary continuously combined with sufficient adjustment, and think that it is 
a grain boundary (not substantially regarded as a grain boundary) used as an energy 
barrier to the extent that movement of a carrier is barred. 

[0136] As mentioned above, since an irregular grain boundary is distributed so that it 
may have the crystal structure as shown in drawing 12 (A) and movement of a carrier 
may be interrupted, the polycrystal silicon (contest polysilicon) film crystallized in the 
usual process is difficult to attain high mobility. 

[0137] However, when the crystalline silicon film by this invention had the crystal 
structure as shown in gxawingJO (A) and the grain boundary has gathered in the outline 1 
direction, the interior of a columnar crystal is considered that needlelike or the grain 
boundary which serves as an energy barrier substantially does not exist. That is, since a 
carrier becomes possible [ moving in the interior of a crystal ], without being prevented in 
any way, very high mobility can be attained. 

[0138] The point that a columnar crystal should be observed is a point which is especially 
acquired by this invention and which is considered to grow up continuously the distance 
of dozens - no less than 100 micrometers of numbers, changing crystal orientation, 
avoiding needlelike or distortion resulting from irregularity, stress, etc. 
[0139] If a guess of this invention persons is right, it can be said that the crystalline 
silicon film by this invention is a completely new crystal structure object which consists 
of the aggregates of a special crystal which grow without forming in the interior of a 
crystal the grain boundary which may serve as a carrier trap. 

[0140] [Example 2] this example is an example which has by TFT shown in the example 
1, and forms a CMOS circuit. A CMOS circuit is constituted combining N channel type 
TFT and P channel type TFT of structure as shown in the example 1 complementary. 
[0141] One example of the production process of the CMOS circuit in this example is 
explained using drawing 5 and drawin g 6 . In addition, the application range of the 
crystalline silicon film formed of this invention is wide, and the method of forming a 
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CMOS circuit is not what vv as restricted to this example. 
[0142] According to the production procedure first shown in an example 1, the 
oxidization silicon film 502 is formed "on the quartz substrate 501, and a crystalline 
silicon film (not shown) is obtained on it. And the island-like semiconductor layer 503 of 
N channel type TFT and the island-like semiconductor layer 504 of P channel type TFT 
are formed by carrying out patterning of it. 

[0143] If the island-like semiconductor layers 503 and 504 are formed, heat-treatment in 
the atmosphere containing a halogen will be performed. Let processing conditions be the 
same things as an example 1 in this example. In this way, the thermal oxidation films 505 
and 506 which function as a gate insulator layer are formed by the thickness of 500 **. 
[0144] In addition, in order to simplify explanation here, the example which forms N 
channel type TFT and P channel type TFT of a lot is shown. N channel type TFT and P 
channel type TFT are formed in hundreds or more units on the same glass substrate in. 

fact. . u 

[0 145] Next, patterning of the aluminum film (not shown) which constitutes the 
prototype of a gate electrode behind is formed and carried out, and the patterns 507 and 
508 of an aluminum film are formed (it leaves the resist mask which used after pattern 
formation for patterning). 

[0146] in order that this aluminum film may suppress generating of a hillock or a whisker 
like an example 1 - a scandium ~ 0.2 wt % of the weight - it is made to contain The 
membrane formation method of an aluminum film is performed using a spatter or an 
electron-beam-evaporation method. 

[0147] A hillock and a whisker are the shape of a prickle resulting from unusual growth 
of aluminum, and a needlelike projection. Existence of a hillock and a whisker becomes 
the cause which short-circuit and a KUROSUKU talk generate between the wiring 
estranged between ****** wiring and between upper limits. 

[0148] The metal of a tantalum, molybdenum, etc. which can be anodized can be used as 
material other than an aluminum film. Moreover, it is also possible to use the silicon film 
which gave conductivity instead of the aluminum film. 

[0149] In this way, the state of draw ing 5 (A) is acquired. If the patterns 507 and 508 of 
an aluminum film are formed next, it will have on the same conditions as an example 1, 
and the porous oxide films on anode 509 and 510 will be formed in the side of the 
patterns 507 and 508 of an aluminum film. At this example, it is the thickness of the 
oxide films on anode 509 and 5 10 of this porosity 0.7 It is referred to as mum. 
[0150] It has in a further on the same conditions as an example I, and the precise and 
firm oxide films on anode 51 1 and 512 are formed in it. However, in this example, 
attainment voltage is adjusted so that this thickness may become 700 **. Moreover, the 
gate electrodes 513 and 514 demarcate according to this process. In this way, a state like 
drawing 5 (B) is acquired. 

[0151] Next,~P (Lynn) ion is doped on the whole surface as an impurity which gives N 
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typfe. this doping -- 0.2 - 5x.015 atoms/cm2 - desirable -- 1 - 2x1015 atoms/cm2 ** - it 
carries put by the high dose to say As the doping method, the plasma doping method and 
the ion doping method are used. 

[0152] The fields 515-518 where P ion was poured into high concentration are formed as 
a result of the process shown in this drawing 5 (C). These fields function as the source / a 
drain field later. (Drawing 5 (C)) 

[0153] Next, the porosity-like oxide films on anode 509 and 510 are removed using the 
mixed-acid solution which mixed the acetic acid, the nitric acid, and the phosphoric acid. 
At this time, since the ion implantation of the barrier-layer field located directly under 
oxide films on anode 509 and 5 10 is not carried out, it is genuineness substantially. 
[0154] Next, as shown in drawing 5 (D), P ion is poured in again, pouring of this P ion -- 
dose 0.1 - 5x1014 atoms/cm2 ~ desirable - 0.2 - 1x1014 atoms/cm2 ** - it considers as 
the low value to say 

[0155] That is, pouring of P ion performed at the process shown by drawing_5 (D) makes 
the dose a low thing as compared with the dose performed in the process shown in 
drawing 5 (C). Then, as compared with fields 515-518, the low low concentration 
impurity ranges 5 19-522 of high impurity concentration are formed as a result of this 

process. ■ 
[0156] When the process shown in drawing 5 (D) is completed, the barrier layer ot N 
channel type TFT is completed. That is, the source field 5 15 of N channel type TFT, the 
drain field 5 16, the low concentration impurity ranges (or LDD field) 519 and 520, and 
the channel formation field 523 demarcate. 

[0157] Moreover, although not illustrated especially, the field which had the ion 
implantation interrupted by the oxide film on anode 5 1 1 exists between the channel 
formation field 523 and the low concentration impurity ranges 519 and 520. This field is 
called offset field and the distance is determined by the thickness of an oxide film on 
anode 511. 

[0158] Although the ion implantation of the offset field is not carried out but it is 
genuineness substantially, since a gate voltage is not impressed, a channel is not formed, 
but field strength is eased, and it functions as a resistance component which suppresses 
degradation. However, when the distance (offset width of face) is short, it does not 
function as an efficiency offset field. In this example, since the width of face is 700 **, it 
does not function as an offset field. 

[0159] Next, as shown in drawing 6 (A), the wrap resist mask 524 is formed for left-hand 
side N channel type TFT. And B (boron) ion is poured in as an impurity which gives P 
type in the state which shows in drawing 6 (A). 

[0160] here -- dose of B ion 0.2 - 10x1015 atoms/cm2 - desirable -- 1 - 2x1015 
atoms/em2 It considers as a grade. This dose carries out to of the same grade as the dose 
in P ion-implantation process shown in drawing^ (C), or more than it. 
[0161] All of the conductivity type of the impurity (P ion) fields 517, 518, 521, and 521 
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are' reversed from N type to P type according to this process, and the source field 525 of P 
channel type TFT and the drain field 526 are formed. Moreover, the channel formation 
field 527 is formed directly under the gate electrode 514. 

[0162] Next, the resist mask 524 is removed after the end of the process shown in 
drawing 6 (A), and strong light, such as a laser beam or infrared light, and ultraviolet 
radiation, is irradiated all over a substrate. Activation of the impurity ion added by this 
process and the recovery of damage of the field where impurity ion was poured in are 
performed. (Drawing 6 (B)) 

[0163] Next, if the state which shows in drawing 6 (B) is acquired, the layer insulation 
film 528 will be formed in thickness of 4000 A. Any of an oxidization silicon film, an 
oxidization silicon nitride film, a silicon nitride film, and an organic nature resin film are 
sufficient as the layer insulation film 528, and it is good also as multilayer structure. The 
membrane formation method of these insulator layers should just use a plasma CVD 
method, heat CVD, and the spin coat method. 

[0164] Next, a contact hole is formed and the source electrode 529 of N channel type 
TFT and the source electrode 530 of P channel type TFT are formed. Moreover, a CMOS 
circuit is realized by considering the drain electrode 53 1 as composition which is shared 
between N channel type TFT and P channel type TFT. (Drawing 6 (C)) 
[0165] The CMOS circuit which becomes with the structure shown in drawing. 6 (C) is 
producible through the above process. A CMOS circuit is an inverter circuit of the 
simplest composition, and the closed circuit which connected odd sets and formed the 
CMOS inverter circuit in series is called ring oscillator, and in case it evaluates the 
working speed of a semiconductor device, it is used. 

[0166] The upper surface photograph shown in drawing.7 (A) here is the ring oscillator 
circuit constituted combining the CMOS circuit produced according to this example. This 
invention persons actually made active matrix liquid crystal display as an experiment 
using this invention, and checked the performance of the drive circuit of operation by the 
ring oscillator. 

[0 167] In addition, the gate electrode width of face of the CMOS circuit which 
constitutes the ring oscillator shown in drawing J_ (A) is about 0.6. It is as thin as mum, 
and the channel formation field has turned even into the grade which a short channel 
effect generates minutely, if it usually becomes. 

[0168] Moreover, the photograph of a shift register circuit is shown in drawing 7 (B) as 
reference. The shift register circuit shown in drawing 7 (B) is one of the important 
circuits which constitute the circumference drive circuit made as an experiment, and is a 
logical circuit which specifies the address of a pixel field. A drive on the very high 
frequency of several MHz - about dozens of MHz is required especially of the shift 
register circuit for horizontal scannings (for source sides) at the time of real operation. 
[0169] The oscillation frequency of a ring oscillator circuit was measured by the ring 
oscillator which connected 9 and 19 or 51 sets (stage) of CMOS circuits. With 
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consequently, supply voltage 3-5 V and nine steps of ring oscillators The oscillation 
frequency exceeding 500 MHz is obtained in 300MHz or more, and it became clear that a 
working speed is very quick. 

[0170] These values mean having an about 20 times as many working speed as this 
compared with the ring oscillator produced at the conventional production process. 
Moreover, even if it shakes supply voltage in 1-5V, oscillation frequency of dozens - 
100MHz of numbers is always realized. 

[0171] A ring oscillator circuit is a test pattern for evaluating a working speed, and when 
logical circuits, such as a shift register circuit and a processor circuit, are actually 
constituted, it cannot avoid that a working speed decreases. This is for various addition 
capacity to join the logical circuit itself. 

[0172] However, also in the situation that such added value was added, the CMOS circuit 
using this invention can carry out high-speed operation satisfactory, and has the 
performance which meets the demand of all logical circuits. 

[0173] Furthermore, channel length is 0.6. TFT by this invention is hardly influenced by 
the short channel effect, but also having the high proof-pressure property of being able to 
be equal also to very high-speed operation as shown in this example, in spite of having 
turned into mum minutely extremely means having very high reliability. 
[0174] [Guess drawn from the composition of this invention] As the example 1 and the 
example 2 showed, TFT produced according to this invention has realized the very high 
performance (a high-speed operation property, high proof-pressure property). Especially, 
S value is 60 - 100 mV/dec and electric field effect mobility (micro FE). 150-300cm2/Vs 
Fitting in the range (it being thought that actual electric field effect mobility is higher 
although mentioned later) etc. is could not accomplish at all in the conventional TFT. 
[0175] Moreover, also experientially, the feature that it is strong to degradation can be 
called unique phenomenon, having such a high-speed operation property. Then, since 
TFT by this invention considered why it would excel even like this in degradation-proof 
nature and guessed one theory from there, this invention persons indicate below. 
[0176] In order to raise the proof pressure (proof pressure between source-drains) of TFT, 
it is to prepare an offset field and a LDD field between a channel formation field, and the 
source / drain field at a general target. However, by experience of this invention persons, 
mobility is 150cm2/Vs also as such structure. It turns out that degradation which exceeds 
or becomes takes place. 

[0 177] Then, this invention persons thought as important the influence of the grain 
boundary of 'needlelike as a reason nil why pressure-proofing of TFT by this invention is 
high, or a columnar crystal. The azygos joint hand of a silicon atom combines with 
oxygen, and this grain boundary consists of oxides (oxidization silicon) at the same time 
the metallic element which promotes crystallization by heat-treatment containing a 
halogen is removed. 

[0178] That is, this invention persons surmised that the grain boundary (oxide field) 
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which exists in a channel formation field locally was easing effectively the high electric 
field especially built between a channel formation field and a drain field between a source 
field and a drain field. 

[0179] I suppressed the electric field formed of the depletion-layer charge in which 
especially the grain boundary that becomes in an oxide field specifically spreads from a 
drain field, and thought that it was functioning so that diffusion potential by the side of 
the source may not be changed also in the state (state which the drain side depletion-layer 
charge increased) where drain voltage became high. 

[0180] When the above was summarized and the crystalline silicon film by this invention 
is utilized for a barrier layer, it can be considered that the channel formation field is 
filling the following composition. 

(1) a carrier moves ~ a genuineness field (needlelike or interior of a columnar crystal) 
exists substantially (for a carrier) 

(2) Or it suppresses movement of a carrier, the impurity range (oxide field) which eases 
the electric field built in the direction of a channel (direction to which between a source- 
drain is connected) exists. 

[0181] Therefore, if it puts in another way, it will be thought that TFT of the outstanding 
property as this invention shows by considering as the composition with which the two 
above-mentioned composition is filled and which has the impurity range locally formed 
with the genuineness channel formation field substantially for a carrier can be produced. 
[0182] Although the above composition mixes some guesses and there is then, it is drawn 
from this invention persons' experimental data, then, this invention persons - this 
composition - artificial __********-- it was expected whether the same effect could be 
acquired by things 

[0183] Consequently, this invention persons came to propose composition effective for 
suppression of a short channel effect. Here, the outline is indicated below. In addition, the 
consideration indicated below stops at the range of guessed in the present condition. 
[0184] A short channel effect poses a problem as detailed-ization of device elements 
(MOSFET, TFT, etc.) generally progresses and channel length becomes short. Short 
channel effects are general terms, such as degradation of the pressure-proofing 
accompanying the fall of threshold voltage, and a punch-through phenomenon, and 
degradation of a sub threshold level property. 

[0185] The punch-through phenomenon which poses especially a problem is a 
phenomenon in which current flows between the source/drain also in the state where the 
diffusion potential by the side of the source is influenced by the electric field by the side 
of a drain, and falls, and a channel is not formed. That is, drain electric field affect a 
source side because the depletion layer by the side of a drain spreads even to a source 
field. 

[0186] Then, this invention persons observe the effect of the grain boundary (oxide field) 
of this invention, and channel length is 0.01-2. In the short channel TFT which is mum 
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grade, it is preparing an impurity range artificially and locally to a channel formation 
field, and it was surmised that the effect which suppresses the breadth of the depletion 
layer by the side of a drain was acquired. 

[0187] It is thought that such composition can be attained by considering as composition 
as shows a barrier layer to drawing 8 . In drawing 8 (A), as for a source field and 802, 
801 is [ a drain field and 803 ] channel formation fields, and an impurity range 804 is 
artificially formed into the channel formation field 803. Moreover, among the channel 
formation field 803, fields 805 other than impurity-range 804 are genuineness fields 
substantially, and turn into a field where a carrier moves. 

[0188] The point which is the structure which imitated the crystal structure object of this 
invention shown in drawing 10 is important for the structure shown in drawin g_8 (A) 
here. That is, the grain boundary shown by 1001 of drawjng.10 is equivalent to the 
impurity range 804 of drawing 8 (A), and a columnar crystal is equivalent to that drawing 
10 is needlelike or the field 805 to which the carrier of drawing 8 (A) moves. 
[0189] Therefore, the impurity range 804 arranged in the channel formation field 803 
forms locally the field where built-in potential (it can also be called an energy barrier) is 
large in a channel formation field, and can be conjectured to suppress the breadth of a 
drain side depletion layer effectively by the energy barrier. 

[0190] Moreover, the cross section which cut drawing 8 (A) by A- A' is shown in drawing 
8 (B). 806 is a substrate which has an insulating front face. Moreover, the cross section 
which cut drawing 8 (A) by B-B' is shown in drawrngj. (C). 

[0191] In addition, in drawing 8 (C), wpi and n express the width of face of an impurity 
range 804, and wpa and m express the width of face of the field where a carrier mo ves, n 
and m mean that it is the field where wpi and n are the width of face of the n-th impurity 
range, and the m-th carrier moves [ wpa and m ] into the channel formation field 803 
here. 

[0192] Moreover, the width of face of wpi, n, and wpa and m needs to fulfill the 
conditions of a certain range. That is explained below. 

[0193] In drawing 8 (A), the width of face of the channel formation field 803, i.e., 
channel width, is W. Here, the width of face which the impurity range 804 occupies 
among channel width W is defined as Wpi. And it is the width of face of arbitrary 
impurity ranges Wpil, Wpi2, and Wpi3 ... Wpi is expressed with the following formula 
when Wpi and n. 
[0194] 
[Equation 1] 

n 

Wpi= Z Wpi t n 
n=1 

[0195] However, since at least one impurity range needs to be formed in fields other than 
the edge of a channel formation field in order to attain this composition, n must be one or 
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more integers. 

[bl96] Moreover, the width of face which the move field 805 of a carrier occupies among 
channel width W is defined as Wpa. And it is the move field 805 of arbitrary carriers 
Wpal, Wpa2, and Wpa3 ... Wpa is expressed with the following formula when Wpa and 
m. 

[0197] 
[Equation 2] 

m 

Wpa= 2. Wpa,m 
m=1 

[0198] However, since at least one impurity range is formed in fields other than the edge 
of a channel formation field as mentioned above, a channel formation field must be 
carried out at least for 2 minutes, and m must be two or more integers. 
[0199] That is, the relation which all channel width W calls W=Wpi+Wpa and n+m calls 
three or more is realized. And as for the relation between W, Wpi, W and Wpa, and Wpi 
and Wpa, it is desirable to fulfill the following conditions simultaneously. 
Wpi/W=6.1 -0.9 Wpa/W=0.1 -0.9 Wpi/Wpa=l/9 -9[0200] The place which these 
formulas mean is that Wpa/W or Wpi/W must not be 0 or 1. For example, in the case of 
Wpa/W=0 (Wpi/W=l and homonymy), since an impurity range closes a channel 
formation field completely, movement of a carrier is checked. Conversely, in the case of 
Wpa/W=l (Wpi/W=0 and homonymy), since an impurity range does not exist in a 
channel formation field at all, the breadth of a drain side depletion layer cannot be 
stopped. 

[0201] Moreover, the knowledge about several 1 and several 2 plays an important role, 
when explaining the TFT property looked at by an example 1 and the example 2. That is 
shown below. 

[0202] This invention persons noted the point which is too high. That is, I thought that 
numeric values would differ with actual mobility and the mobility obtained by 
measurement. 

[0203] This invention persons think that it will be a thing with the value of the surveyed 
mobility smaller than actual mobility (mobility which TFT of this invention has 
originally). The reason is in having substituted channel width W of survey for the 
formula which computes the following mobility in this invention persons' measurement. 

[0204] . 
muFE=l/Cox (delta Id/delta Vg) and 1/Vd-L/W -- for Cox, gate oxide-film capacity, and 
delta Id and delta Vg are [ drain voltage, and L and W of the variation of drain current Id 
and a gate voltage Vg and Vd ] channel length and channel width here, respectively 
[0205] Electric field effect mobility (micro FE) is in inverse proportion to channel width 
W so that clearly from this formula. In measurement, it is calculating by substituting for 
this W as a value the channel width surveyed with the measurement machine. 
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[02 063 However, as explained using several 1 and several 2, in fact, the oxide layer is 
fbTrned between columnar crystals, it must have by needlelike or the sum which deducted 
the part, and the efficiency-channel width Wpa must be defined. That is, substituted 
channel width W is a larger value than the efficiency-channel width Wpa. 
[0207] Since it is asking for the mobility with which it was actually calculated by the 
twist having substituted larger channel width by the above reason, it is thought that 
mobility will be calculated small seemingly. Therefore, it is 400cm2/Vs in fact by 
following this invention. It is surmised that TFT which attains the mobility which 
exceeds is realized. And it can be said that the oscillation frequency exceeding 500MHz 
as shown in the example 2 just because such mobility was attained is realizable. 
[0208] Moreover, it is expected that preparing by arrangement as shows an impurity 
range to drawing! (A) has a very big meaning to improvement in mobility. The reason is 

explained below. . . 

[0209] Mobility (micro FE) Although decided by dispersion of the carrier in a 
semiconductor film (here, a silicon film is taken for an example), dispersion in a silicon 
film is divided roughly into lattice scattering and impurity scattering. The high impurity 
concentration in a silicon film is low, and lattice scattering's is comparatively dominant at 
an elevated temperature, and high impurity concentration of impurity scattering is high, 
and is comparatively dominant at low temperature. The overall mobility mu in which 
these influence for each other and are formed is expressed with the following formula. 
[0210] 

[Equation 5] . 

[021 1] The formula shown by this several 5 is mobility mul (1 means lattice) when the 
overall mobility mu is influenced of lattice scattering. Mobility mui at the time of being 
influenced of the inverse number and impurity scattering (i means impurity) It means that 
it is in inverse proportion to the sum of the inverse number. 

[0212] If a drift field is not so strong in lattice scattering, a acoustic phonon plays an 
important role here, and it is mobility mul at that time. It is proportional to the -3-/square 
of temperature like the following formula. Therefore, it will be decided by the effective 
mass (m*) and temperature (T) of a carrier. 
[0213] 
[Equation 6] 

L ^ -"5/2 -3/2 

/ii «= (m*) T 

[0214] Moreover, mobility mui by impurity scattering It is 3/2 of temperature like the 
following formula. Concentration nickel of the impurity which, was proportional to ** 
and was ionized In inverse proportion. Namely, concentration nickel of the ionized 
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impurity' It can be made to uiange by adjusting. 

[0215] 

[Equation 7] 

L -1/2 -1 3/2 

/zi oc (m*) NiT 

[0216] According to these formulas, after the impurity has been uniformly added by the 
whole channel formation field, mobility cannot be earned in response to the influence of 
impurity scattering. However, since the impurity range is formed locally in composition 
of being shown in drawing 8 , an impurity is not added by the field to which a carrier 
moves, but it is genuineness substantially for a carrier. 

[02171 That is it is the concentration nickel of the impurity theoretically ionized in 
several 7. Since it means bringing close to 0 infinite, it is mobility mui. It will approach 
infinitely infinite. That is, it sets to several 5 and is 1/mui. Since it means decreasing an 
impurity even to the grade which can disregard a term, the whole mobility mu is mobility 
mul infinite. It is surmised that it approaches. 

[02181 Moreover, it is important to be arranged so that an impurity range 804 may serve 
as the direction of a channel and outline parallel in drawing_8 (A). When [ for which such 
arrangement was shown in drawing 10 ] needlelike or the direction where the grain 
boundary of a columnar crystal is prolonged, and the direction of a channel are in 
agreement, it corresponds. 

[0219] It is surmised that a role like a rail specifies the move direction on a carrier sure 
enough, without capturing a carrier, since it is expected that an impurity range 804 is 
served as "the benign grain boundary" when it considers as such arrangement. This is 
composition very important when reducing the influence of dispersion by the collision of 

[0220] S Moreover it is expected that the fall of the threshold voltage which is one of the 
short channel effects can also be suppressed by considering as the above composition. 
This is anticipation based on reasoning that it is possible to cause artificially the narrow 
channel effect produced when channel width becomes extremely narrow between 
impurity ranges. 

[0221] Moreover, although it is thought possible to suppress a punch-through 
phenomenon by suppressing the breadth of a drain side depletion layer as mentioned 
above improvement in a sub threshold level property (S value) can also be desired with 
improvement in pressure-proofing by suppressing a punch-through phenomenon 
[0222] The improvement in a sub threshold level property can be explained as follows 
from reasoning that the volume which a drain side depletion layer occupies is reducible 
by using this composition. 

[0223] If the breadth of a depletion layer is effectively suppressed when it considers as 
the composition shown by drawing 8 (A), it will be possible to reduce sharply the volume 
which a drain side depletion layer occupies, and it will be ******. Therefore, since a 
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synthetic 'depletion-layer ch ge can be made small, it is thougi that a depletion layer 
cl^acitance can be made small. Here, the formula which derives S value is expressed 
with the following formula. ■ ; ■ 

[0224] 

[Equation 3] 
S=d(Vg)/d(log Id) 

T02251 It sets in the graph shown in drawing 4 , and this formula is Id-Vg. The inverse 
number of the inclination of the standup portion (gate-voltage 0V neighborhood) of a 
property is expressed. Moreover, the formula expressed with several 3 can be expressed 
like the following formula in approximation. 

[0226] 
[Equation 4] 

S=ln10 • kT/q [1+(Cd+Cit)/Cox] 

[02271 Setting to several 4, for a Boltzmann's constant and T, absolute temperature and q 
are [ k ] the amount of charges, and Cd. The equivalent capacity of ™«*^ Gy *™ d . 
Cox of a depletion layer capacitance and Cit are gate oxide-film capacity. Tterefore, by 
this composition, it is a depletion layer capacitance Cd. Since it becomes sufficiently 
smaller than before, it is S value 85 mV/decade It can consider as the following small 
values, namely, the outstanding sub threshold level property can be acquired 
[02281 Moreover, depletion layer capacitance Cd The ideal state set to Cd -Cit-0 by 
eaching and bringing the equivalent capacity Cit of interface level close to 0 as much as 
possible, i.e., S value, is 60 mV/decade. The becoming semiconductor device may be 

[02291 By the way, although the grain boundary of a columnar crystal consists of oxides, 
with this composition guessed from there, you may use nitrogen and carbon in addition to 
oxygen as that this invention is needlelike or an impurity range equivalent to the grain 
boundary of this invention. This is because it is in the purpose of this composition 
arranging an energy barrier artificially to a channel formation field. 

[02301 Therefore, if it thinks from a viewpoint of forming an energy barrier, it can be said 
that there is also an impurity range with a conductivity type contrary to the conductivity 
type of an inversion layer about an effect. That is, if it is an N channel type 
semiconductor device and is a P channel type H semiconductor device about B ion, it can 
be said that what is necessary is just to form an impurity range using P ion 
r023 11 Moreover, when it constitutes an impurity range from P or B ion, it is also 
possible to perform threshold control directly by the concentration of the impurity ion to 

[02321 As mentioned above, this composition is the technology drawn by the guess of 
, this invention persons based on the composition and the experiment fact of invention 
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winch are indicated on thes. specifications. It is surmised that me short channel effect 
from which channel length poses a problem with the semiconductor device of a very 
short deep submicron field can be effectively suppressed by carrying out this 
composition. 

[0233] [Example 3] this example shows the example which forms the crystalline silicon 
film shown in the example 1 on a silicon wafer. In this case, although it is necessary to 
prepare an insulating layer in a silicon wafer front face, a thermal oxidation film is 
usually used in many cases. - 

[0234] The temperature requirement of heat treatment has common 700-1300 degrees C, 
and the processing time changes with desired oxidization thickness. 
[0235] Moreover, thermal oxidation of a silicon wafer is usually performed in 
atmosphere, such as 02, 02-H2 O, H2 O, and 02-H2 combustion. HC1 and C12 etc. - 
oxidization in the atmosphere which added the halogen is also put in practical use widely 

[ moreover, ] , . , 

[0236] A silicon wafer is one of the bases indispensable to semiconductor devices, such 
as IC, and the technology which forms various semiconductor devices on a wafer is 
produced. 

[0237] According to this example, the crystalline silicon film equipped with the 
crystallinity which is equal to a single crystal can be combined with the technology using 
the conventional silicon wafer, and the application range of a crystalline silicon film can 

be expanded further. . 

[0238] Moreover, it is also possible to constitute the integration circuit which formed 

TFT on IC on a silicon wafer, and has arranged the semiconductor device in three 

dimensions. , 
[0239] [Example 4] this example explains the example which applied TFT which applied 
and produced this invention to DRAM (Dynamic RondomAccess Memory). Suppose that 
drawing 13 is used for explanation. 

[0240] DRAM is the memory of the form stored in a capacitor by making the information 
to memorize into a charge. Receipts and payments of the charge as information on a 
capacitor are controlled by TFT connected to the capacitor in series. The circuit of TFT 
which constitutes one memory cell of DRAM, and a capacitor is shown m drawing 13 
(A) 

[0241] If a gate signal can be given by the word line 1301, TFT shown by 1303 will be in 
switch-on. A charge is charged by the capacitor 1304 from a bit line 1302 side in this 
state, information is read, or a charge is taken out from the charged capacitor and 
information is read. 

[0242] The cross-section structure of DRAM is shown in drawing 13 (B). The base which 
becomes by the quartz substrate or the silicon substrate is shown by 1305. 
[0243] On the above-mentioned base 1305, the oxidization silicon film 1306 is formed as 
a ground film, and TFT adapting this invention is produced on it. In addition, if a base 
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1305 "is a silicon substrate, « thermal oxidation film can also be used as a ground film 
1306. Moreover, 1307 is the barrier layer formed according to the example 1. 
[0244] A barrier layer 1307 is covered by the gate insulator layer 1308, and the gate 
electrode 1309 is formed on it. And after the laminating of the layer insulation film 1310 
is carried out on it, the source electrode 131 1 is formed. The electrode shown by bit lines 
1302 and 1312 simultaneously with formation of this source electrode 1311 is formed. 
Moreover, 1313 is a protective coat which becomes by the insulator layer. 
[02451 This electrode 1312 maintains fixed potential and forms a capacitor 1304 between 
the drain fields of the barrier layer which exists caudad. That is, it will have a function as 
a storage element by writing in the charge accumulated at this capacitor by TFT, or 

reading it. . , 

[02461 The feature of DRAM is suitable for constituting the large-scale memory ol high 
accumulation density, since there are very few element numbers which constitute one 
memory only by TFT and the capacitor. Moreover, since a price is also held down low, it 
is used present in large quantities. . 
[0247] Moreover, since a storage capacitance can be small set up as a feature at the time 
of forming a DRAM cell using TFT, operation by the low battery can be enabled. 
[0248] [Example 5] this example explains the example which applied TFT which applied 
and produced this invention to SRAM (Static RondomAccess Memory). Suppose that 
drawing 14 is used for explanation. 

[0249] SRAM is the memory which used bistable circuits, such as a ilip-ilop, tor the 
storage element, and memorizes a binary information value (0 or 1) corresponding to two 
stable states of ON-OFF of a bistable circuit, or OFF-ON. As long as there is supply of a 
power supply, it is advantageous at the point that storage is held. 

[0250] A store circuit consists of an N-MOS and an C-MOS. The circuit of SRAM shown 
in drawing 14 (A) is a circuit which used high resistance for the passive load element. 
[02511 A word line is shown by 1401 and 1402 is a bit line. 1403 is a load element which 
consists of high resistance, and SRAM consists of 2 sets of access transistors as indicated 
to be 2 sets of driver transistors as shown by 1404 by 1405. 

[0252] The cross-section structure of TFT is shown in towingOi (B). The oxidization 
silicon film 1407 can be formed as a ground film on the base 1406 which becomes by the 
quartz substrate or the silicon substrate, and TFT which applied this invention on it can 
be produced. 1408 is the barrier layer formed according to the example 1. 
[0253] A barrier layer 1408 is covered by the gate insulator layer 1409, and the gate 
electrode 1410 is formed on it. And after the laminating of the layer insulation film 141 1 
is carried out on it, the source electrode 1412 is formed. A bit line 1402 and the dram 
electrode 1413 are formed simultaneously with formation of this source electrode 1412. 
[0254] On it the laminating of the layer insulation film 1414 is carried out again, and, 
next the poly silicon contest film 1415 is formed as a high resistance load. In addition, it 
is also possible to take the SRAM structure of substituting TFT for the same, function as a 
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high resistance load. Moreover, 1416 is a protective coat which becomes by the insulator 
layer. 

[0255] The feature of SRAM which becomes with the above composition is that high- 
speed operation is possible and the lump by the system to construct is [ it is reliable and ] 
easy etc. 

[0256] [Example 6] The example which constitutes the active-matrix type electro-optics 
equipment which integrated the pixel matrix circuit and the logical circuit on the same 
base using the semiconductor device of an example 1 and the CMOS circuit of an 
example 2 from this example is shown. As electro-optics equipment, a liquid crystal 
display, EL display, EC display, etc. are contained. 

[0257] In addition, a logical circuit points out the integration circuit for driving electro- 
optics equipment like a circumference drive circuit or a control circuit. In active-matrix 
type electro-optics equipment, although there were also a limitation of a performance of 
operation and a problem of a degree of integration and external IC of the logical circuit 
was common, it becomes possible to unify all on the same substrate by using TFT of this 
invention. 

[0258] Moreover, with a control circuit, all electrical circuits required to drive electro- 
optics equipments, such as a processor circuit, a memory circuit, a clock generation 
circuit, and a A/D (D/A) converter circuit, shall be included. Of course, the SRAM circuit 
and DRAM circuit which were shown in the examples 5 and 6 are included in a memory 

circuit. ... 
[0259] If invention indicated on these specifications is used for such composition, it can 
have by TFT which has the performance which is equal to MOSFET formed on the single 
crystal, and a logical circuit can be constituted. 

[0260] [Example 7] this example shows the example which produces TFT of different 
structure from an example 1. Drawing 15 is used for explanation. 
[0261] First, the state which shows in drawing 2 (A) through the same process as an 
example 1 is acquired. If the state which shows in drawing 2 (A) is acquired, the resist 
mask which was used for patterning of an aluminum film and which is not illustrated will 
be removed, anodizing will be performed in a tartaric acid after that, and an oxide film on 
anode with the precise thickness of 1000 A will be obtained. This state is shown in 

drawing 15 (A). . . 

[0262] As for 101, in drawing J 5. (A), a quartz substrate and 102 are thermal oxidation 
films on which a ground film and 1 10 function on an island-like semiconductor layer, and 
1 1 1 functions as a gate insulator layer later. Moreover, the gate electrode which becomes 
with the material to which 1501 makes aluminum a principal component, and 1502 are 
the precise oxide films on anode which anodized the gate electrode 1501 and were 
obtained. 

[0263] Next, the impurity ion which gives 1 conductivity to the island-like semiconductor 
layer 110 in this state is poured in. And impurity ranges 1503 and 1504 are formed of this 
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ion-implantation process. 

[0264] Moreover, if this impurity ion is N channel type TFT, if it is P channel type TFT, 
it should just perform P (Lynn) or As (arsenic) using B (boron), this time ~ dose 0.1 - 
5x1014 atoms/cm2 -- desirable -- 0.2 - 1x1014 atoms/cm2 ** -- it considers as the low 
value to say 

[0265] When pouring of impurity ion is completed, it is about a silicon nitride film 1505. 
0.5-1 Membranes are formed in the thickness of mum. The membrane formation methods 
may be any of reduced pressure heat CVD, a plasma CVD method, and a spatter. 
Moreover, you may use an oxidization silicon film in addition to a silicon nitride film. 
[0266] In this way, the state of drawing 15 (B) is acquired. If the state of drawing _1 5 .(B) 
is acquired, next, it will ********** by the etchback method and will leave a silicon 
nitride film 1505 only to the side attachment wall of the gate electrode 1501. In this way, 
the left-behind silicon nitride film functions as a sidewall 1506. 

[0267] Under the present circumstances, the thermal oxidation film 111 remains in the 
state where it is removed except the field where the gate electrode became a mask, and is 
shown in drawing_15 (C). . K/p . ,. 

[0268] Impurity ion is again poured in in the state which shows m drawing 15 (C). this 
time -- dose 0.2 - 10x1015 atoms/cm2 - desirable - 1 - 2x1015 atoms/cm2 Suppose that 
it is higher than the dose of a previous ion implantation. 

[0269] Since, as for the fields [ directly under ] 1507 and 1508 of a sidewall 1506, an ion 
implantation is not performed in the case of this ion implantation, it is changeless to the 
concentration of impurity ion. However, the impurity ion of further high concentration 
[ fields / which were exposed / 1509 and 1510 ] will be poured in. 
[0270] The low concentration impurity ranges 1507 and 1508 with high impurity 
concentration lower than the source field 1509, the drain field 1510, and the source / 
drain field (LDD field) are formed through the 2nd ion implantation as mentioned above. 
In addition, it is a field [**********] directly under the gate electrode 1501, and it 
serves as the channel formation field 1511. 

[0271] When the state of drawing 15 (C) is acquired through the above process, the 
titanium film which the thickness of 300 ** does not illustrate is formed, and a titanium 
film and a silicon (crystalline silicon) film are made to react. And after removing a 
titanium film, titanium silicide 1 5 1 2 and 1 5 1 3 is formed in the front face of the source 
field 1509 and the drain field 1 5 10 by performing heat-treatment by lamp annealing etc. 
(Drawing 15 (D)) 

[0272] The above-mentioned process can also use a tantalum film, a tungsten film, a 
molybdenum film, etc. instead of a titanium film. Moreover, although drawing 15 (D) has 
indicated as a part of source / drain field silicide-ized, depending on the conditions of the 
case where the thickness of the source / drain field is thin, or heat-treatment, the whole 
source / drain field may silicide-ize. 

[0273] Next, an oxidization silicon film is formed in thickness of 5000A as a layer 
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insutetidn film 1514, andtue source electrode 1515 and the dram electrode 1516 are 
formed. In this way, TFT of the structure shown in drawingJl (D) is completed. 
[0274] Since the source / drain electrbde connects with the source / drain field through 
titanium silicide 1512 and 1513, TFT of the structure shown by this example can realize a 
good ohmic contact. 

[0275] [Example 8] this example shows the example which produces TFT of different 
structure from an example 1 or an example 7. Drawing 16 is used for explanation. 
[0276] First the state which shows in drawing 2 (A) through the same process as an 
example 1 is acquired. However, suppose that the crystalline silicon film which gave 
conductivity as a material of a gate electrode is used in this example. This state is shown 
in drawing 16 (A). 

[0277] As for 101, in drawing.l_6 (A), a quartz substrate and 102 are thermal oxidation 
films on which a ground film and 1 10 function on an island-like semiconductor layer, and 
1 1 1 functions as a gate insulator layer later. Moreover, 1601 is a gate electrode which 
becomes by the crystalline silicon film (polysilicon contest film). 

[0278] Next the impurity ion which gives 1 conductivity to the island-like semiconductor 
layer L10 in this state is poured in. And impurity ranges 1602 and 1603 are formed of this 
ion-implantation process. (Drawing 16 (B)) ' • „ i tct 

[0279] Moreover, if this impurity ion is N channel type TFT, if it is P channel type IK, 
it should just perform P (Lynn) or As (arsenic) using B (boron), this time - dose 0 1 - 
5x1014 atoms/cm2 - desirable - 0.2 - 1x1014 atoms/cm2 ** - it considers as the low 

value to say -,, , r- . • 

[0280] If pouring of impurity ion is completed, a sidewall 1604 will be formed using the 

etchback method like an example 7. . 
[0281] If a sidewall 1604 is formed, impurity ion will be poured m again, this time -- 
dose 0.2 - 10x1015 atoms/cm2 ~ desirable - 1 - 2x1015 atoms/cm2 Suppose that it is 
higher than the dose of a previous ion implantation. (Drawing 16 (C)) 
[0282] Since as for the fields [ directly under ] 1605 and 1606 of a sidewall 1604, an ion 
implantation is not performed in the case of this ion implantation, it is changeless to the 
concentration of impurity ion. However, the impurity ion of further high concentration 
[ fields / which were exposed / 1607 and 1608 ] will be poured in. 
[0283] The low concentration impurity ranges 1605 and 1606 with high impurity 
concentration lower than the source field 1607, the drain field 1608, and the source / 
drain field (LDD field) are formed through the 2nd ion implantation as mentioned above. 
In addition, it is a field [**********] directly under the gate electrode 1601, and it 
serves as the channel formation field 1609. 

[0284] When the state of drawing 16 (C) is acquired through the above process, the 
tungsten film which the thickness of 500 ** does not illustrate is formed, and a tungsten 
film and a silicon film are made to react. And after removing a tungsten film, tungsten 
silicide 1610-1612 is formed in the front face of the gate electrode 1601, the source field 
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16Q7, arid drain field 1608 • - by performing heat-treatment by lamp annealing etc. 

(Drawing 16(D)) -. _ ' , 

[0285] Of course, a titanium film, a molybdenum film, and a tantalum film can be used 
besides a tungsten film. Moreover, in this example, it adjusts so that the time of heat- 
treatment may be set up for a long time and the whole source / drain field may sihcide- 

izc 

[0286] Next, a silicon nitride film is formed in thickness of 4000A as a layer insulation 
film 1613, and the source electrode 1614 and the drain electrode 1615 are formed. In this 
way, TFT of the structure shown in drawing 16 (D) is completed. 
[0287] Since a gate electrode, and the source / drain electrode take out through tungsten 
silicide 1610-1612 and connects with an electrode, TFT of the structure shown by this 
example can realize a good ohmic contact. 

[0288] [Example 9] this example shows an example of the electro-optics equipment 
(display) incorporating the semiconductor device using this invention. In addition, what 
is necessary is just to use electro-optics equipment with a direct viewing type or a 
projected type if needed. Moreover, since it is considered the equipment on which 
electro-optics equipment also functions using a semiconductor, with the electro-optics 
equipment in this specification, it shall be contained under the category of a 
semiconductor device. 

[0289] Moreover, as an application product of the semiconductor device using this 
invention, a TV camera, a head mount display, car navigation, a projection (there are a 
front type and a rear mold), a video camera, a personal computer, etc. are mentioned. An 
easy example of these application use is performed using drawing. 17. . 
[0290] Drawing 17 (A) is a TV camera and consists of a main part 3001, the camera 
section 3002, display 3003, and an operation switch 3004. Display 3003 is used as a view 

finder. . 
[0291] Drawing 17 (B) is a head mount display, and consists of a main part 3 101, dispLay 
3 102, and the band section 3 103. Two things of size with comparatively small display 
3102 are used. . 

[0292] Drawing 17 (C) is car navigation and consists of a main part 3201, display JZUZ, 
an operation switch 3203, and an antenna 3204. Although display 3202 is used as a 
monitor, since the displays of a map are the main purposes, the tolerance of resolution 
can say it as latus comparatively. 

[0293] Drawing J 7 (D) is a Personal Digital Assistant device (this example celluLar 
phone)," and consists of a main part 3301, the voice output section 3302, the voice input 
section 3303, display 3304, an operation button 3305, and an antenna 3306. To display 
3303, it is expected that animation display will be required as a TV telephone in the 

future, 

[0294] Drawing 17 (E) is a video camera and consists of a main part 3401, display 3402, 
an eye contacting part 3403, an operation switch 3404, and a tape electrode holder 3405. 
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Since the photography picture projected on display 3402 can be seen on real time through 
an eye contacting part 3403, the photography of a user while looking at a picture is 
attained. 

[0295] Drawing 17 (D) is a front projection and consists of a main part 3501, the light 
source 3502, reflected type display 3503, optical system (a beam splitter, a polarizer, etc. 
are contained) 3504, and a screen 3505. Since a screen 3505 is a big screen screen used 
for presentations, such as a meeting and a society announcement, resolution with 
expensive display 3503 is required. 

[0296] Moreover, it is applicable to personal digital assistant devices, such as a rear 
projection, and a mobile computer, a handy terminal, besides the electro-optics 
equipment shown in this example. As mentioned above, the application range of this 
invention is very wide, and applying to the display medium of all fields is possible. 
[0297] Moreover, not only electro-optics equipment but TFT of this invention can be 
used as a drive circuit of an application product as built into an integration circuit in 
forms, such as SRAM and DRAM, and shown by this example. 
[0298] 

[Effect of the Invention] According to invention indicated on these specifications, TFT 
with the high performance which is equal to MOSFET produced on single crystal silicon 
is realizable. Moreover, compared with the ring oscillator which consisted of 
conventional TFT, 20 times as many high-speed operation as this is possible for the ring 
oscillator constituted from TFT of this invention. 

[0299] Furthermore, in spite of having such a high property, channel length has the very 
high proof-pressure property also in the detailed field of 1 micrometer or less, and it can 
check that the short channel effect is suppressed effectively. 

[0300] By applying the integration circuit constituted using the above TFT to electro- 
optics equipment, the further highly efficient- ization of electro-optics equipment is 
realizable, moreover, the application product adapting electro-optics equipment - high 
performance -- high added value can be formed 



[Translation done.] 
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* JSTOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the process which forms the gate insulator layer which becomes by the 
thermal-oxidation film while carrying out gettering removal of the aforementioned 
metallic element in the aforementioned island-like semiconductor layer by performing 
2nd heat-treatment into the atmosphere characterized by to provide the following ~ at 
least - having - the aforementioned barrier layer - the aforementioned base and an 
outline -- the production method of the parallel semiconductor device characterized by 
needlelike or for two or more columnar crystals to gather and to be formed them The 
process which forms an amorphous silicon film on the base which has an insulating front 
face in producing the semiconductor device which has the barrier layer which becomes 
by the semiconductor thin film. The process which forms a mask insulator layer 
alternatively on the aforementioned amorphous silicon film. The process which makes 
the metallic element which promotes crystallization to the aforementioned amorphous 
silicon film hold alternatively. The process which carries out conversion of some 
aforementioned amorphous silicon films [ at least ] to a crystalline silicon film by 1st 
heat-treatment, the process which removes the aforementioned mask insulator layer, the 
process whichforms the island-like semiconductor layer constituted only from an 
aforementioned crystalline silicon film by patterning as a next barrier layer, and a 

[Clafm2] The process which carries out gettering removal of the aforementioned metallic 
element in the aforementioned island-like semiconductor layer by performing 2nd heat- 
treatment into the atmosphere characterized by providing the following, The process 
which removes the thermal oxidation film formed of the 2nd aforementioned heat- 
treatment, the process which forms in the aforementioned island-like semiconductor layer 
front face the thermal oxidation film which functions as a gate insulator layer by 
performing 3rd heat-treatment - at least - having ~ the aforementioned barrier layer - 
the aforementioned base and an outline - the production method of the parallel 
semiconductor device characterized by needlelike or for two or more columnar crystals 
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gathering and forming thei The process which forms an amoi^nous silicon film on the 
base which has an insulating front face in producing the semiconductor device which has 
the harrier layer which becomes by the semiconductor thin film. The process which forms 
a mask insulator layer alternatively on the aforementioned amorphous silicon film. The 
process which makes the metallic element which promotes crystallization to the 
aforementioned amorphous silicon film hold alternatively. The process which carries out 
conversion of some aforementioned amorphous silicon films [ at least ] to a crystalline 
silicon film by 1st heat-treatment^ the process which removes the aforementioned mask 
insulator layer, the process which forms the island-like semiconductor layer constituted 
only from an aforementioned crystalline silicon film by patterning as a next barrier layer, 

and a halogen. . . 

rClaim 3] It is the production method of the semiconductor device characterized by 
basing the membrane formation method of the aforementioned amorphous silicon film on 
reduced pressure heat CVD in a claim 1 or a claim 2. 

[Claim 4] The production method of the semiconductor device characterized by using a 
kind or two or more kinds of elements which were chosen from Fe, Co, nickel, Ru, Rh, 
Pd, Os, Ir, Pt, Cu, and Au in the claim 1 or the claim 2 as a metallic element which 
promotes crystallization. . . . 

rClaim 5] The atmosphere which contains a halogen m a claim 1 or a claim I is me 
production method of the semiconductor device characterized by addmg a kind or two or 
more kinds of gas chosen from the compound which contains HCl, Ht, H±5r, L,l2, k^icj, 
BC13, NF3, F2, and Br2 in oxygen atmosphere. 

[Claim 6] It is the production method of the semiconductor device characterized by 
performing 1st heat-treatment by the temperature requirement of 450 - 700 **, and 
performing the 2nd or 3rd heat-treatment by the temperature requirement exceeding 700 
** in a claim 1 or a claim 2. 

[Claim 71 The barrier layer which becomes by the crystalline silicon film formed on the 
aforementioned base, and the gate insulator layer formed in the aforementioned barrier- 
layer front face, It is the insulated-gate type semiconductor device which has a gate 
electrode on the aforementioned gate insulator layer at least. The metallic element which 
promotes crystallization in the aforementioned barrier layer 1x1018 atoms/cm3 It exists 
with the following average concentration. The semiconductor device to which standard 
deviation of the S value showing the electrical property of the aforementioned 
semiconductor device is characterized by fitting in less than 15 mV/dec m less than 10 
mV/dec and/or a P channel type with an N channel type. 

[Claim 8] The barrier layer which becomes by the crystalline silicon film formed on the 
aforementioned base, and the gate insulator layer formed in the aforementioned barrier- 
layer front face, It is the insulated-gate type semiconductor device which has a gate 
electrode on the aforementioned gate insulator layer at least. The metallic element which 
promotes crystallization in the aforementioned barrier layer 1x1018 atoms/cm3 It exists 
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with trie following average eventration. The semiconductor ^evice characterized by 
settling the S value showing the electrical property of the aforementioned semiconductor 
devicelh less than 80**45 mV/dec with an N channel type iniess than 80**30 mV/dec 
and/or a P channel type. 

rClaim 9] The barrier layer which becomes by the crystalline silicon film formed on the 
aforementioned base, and the gate insulator layer formed in the aforementioned barrier- 
layer front face It becomes with structure with the gate electrode on the aforementioned 
gate insulator layer at least. The metallic element which promotes crystallization in the 
aforementioned barrier layer 1x1018 atoms/cm3 It exists with the following average 
concentration. And the semiconductor device characterized by for the standard deviation 
of the S value showing an electrical property having the insulated-gate type 
semiconductor device settled in less than 15 mV/dec, and consisting of N channel types 
with less than 10 mV/dec and/or a P channel type. 

rClaim 10] The barrier layer which becomes by the crystalline silicon film formed on the 
aforementioned base, and the gate insulator layer formed in the aforementioned barrier- 
layer front face, It becomes with structure with the gate electrode on the aforementioned 
gate insulator layer at least. The metallic element which promotes crystallization in the 
aforementioned barrier layer 1x1018 atoms/cm3 It exists with the following average 
concentration. And the semiconductor device characterized by for the S value showing an 
electrical property having the insulated-gate type semiconductor device^settled m less 
than 80**45 mV/dec, and consisting of N channel types with less than 80**30 mV/dec 
and/or a P channel type. 

rClaim 1 11 It is the semiconductor device characterized by the film surface ot the 
aforementioned gate insulator layer which touches the aforementioned barrier layer at 
least being a thermal oxidation film in a claim 7 or a claim 10. 

rClaim 12] while carrying out gettering removal of the aforementioned metallic element 
in the aforementioned island-like semiconductor layer by performing 2nd heat-treatment 
into the atmosphere characterized by to provide the following, pass at least the process 
which forms the gate insulator layer which becomes by the thermal-oxidation film - it 
produces - having - the aforementioned barrier layer - the aforementioned base and an 
outline - the parallel semiconductor device characterized by needle like or for two or 
more columnar crystals to gather and to be formed them The process which forms an 
amorphous silicon film on the base which has an insulating front face. The process which 
forms a mask insulator layer alternatively on the aforementioned amorphous silicon film. 
The process which makes the metallic element which promotes crystallization to the 
aforementioned amorphous silicon film hold alternatively. The process which carries out 
conversion of some aforementioned amorphous silicon films [ at least ] to a crystalline 
silicon film by 1st heat-treatment, the process which removes the aforementioned mask 
insulator layer, the process which forms the island-like semiconductor layer constituted 
only from an aforementioned crystalline silicon film by patterning as a next barrier layer, 
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and a Halogen. . , _ iU '~ .. A 

rClaim 13] The process which carries out gettenng removal of the aforementioned 
metallic element in the aforementioned island-like semiconductor layer by performing 
2nd heat-treatment into the atmosphere characterized by providing the following, The 
process which removes the thermal oxidation film formed of the 2nd aforementioned 
heat-treatment, pass at least the process which forms in the aforementioned island-like 
semiconductor layer front face the thermal oxidation film which functions as a gate 
insulator layer by performing 3rd heat-treatment ~ it produces ~ having ~ the 
aforementioned barrier layer - the aforementioned base and an outline the parallel 
semiconductor device characterized by needlelike or for two or more columnar crystals 
gathering and forming them The process which forms an amorphous silicon film on the 
base which has an insulating front face. The process which forms a mask insulator ayer 
alternatively on the aforementioned amorphous silicon film. The process which makes 
the metallic element which promotes crystallization to the aforementioned amorphous 
silicon film hold alternatively. The process which carries out conversion of some 
aforementioned amorphous silicon films [ at least ] to a crystalline silicon film by 1st 
heat-treatment, the process which removes the aforementioned mask insulator layer, the 
process which forms the island-like semiconductor layer constituted only from an 
aforementioned crystalline silicon film by patterning as a next barrier layer, and a 

rciafrTi^ It is the semiconductor device characterized by performing 1st heat-treatment 
by the temperature requirement of 450 - 700 **, and performing the 2nd or 3rd heat- 
treatment by the temperature requirement exceeding 700 ** in a claim 12 or a claim 1 o. 
fClaim 15] In a claim 12 or a claim 13, the metallic element which promotes 
crystallization in the aforementioned barrier layer 1x1018 atoms/cm3 Semiconductor 
device characterized by for the standard deviation of the S value which exists with the 
following average concentration and expresses an electrical property having the 
insulated-gate type semiconductor device settled in less than 15 mV/dec, and consisting 
of N channel types with less than 1 0 mV/dec and/or a P channel type. 
rClaim 16] In a claim 12 or a claim 13, the metallic element which promotes 
crystallization in the aforementioned barrier layer 1x1018 atoms/cm3 Semiconductor 
device characterized by for the S value which exists with the following average 
concentration and expresses an electrical property having the insulated-gate type 
semiconductor device settled in less than 80**45 mV/dec, and consisting of N channel 
types with less than 80**30 mV/dec and/or a P channel type. 

[Claim 17] It sets to a claim 7, a claim 13, a claim 15, or a claim 16, and the length ol the 
channel formation field in the aforementioned barrier layer is 0.01-2. Semiconductor 
device characterized by being mum. 

[Claim 1 8] In a claim 7 or a claim 1 3, a kind or two or more kinds of elements which 
were chosen from CI, F, and Br in the aforementioned barrier layer 1x1015 - 1x1020 

http:/tovm4.ipdl.jpo^ 



atoms/crh3 Semiconductot 3vice characterized by existing b> concentration. 
rGlaim 191 It is the semiconductor device which a kind or two or more kinds of elements 
which were chosen from CI, F, and Br are contained in the aforementioned barrier layer 
in a claim 7 or a claim 1 3, and is characterized by distributing the aforementioned 
element over high concentration at the interface of the aforementioned barrier layer and 
the aforementioned gate insulator layer. 

rClaim 20] The semiconductor device characterized by the metallic element which 
promotes the aforementioned crystallization being a kind or two or more kinds of 
elements which were chosen from Fe, Co, nickel, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au in a 
claim 7, a claim 10, a claim 12, or a claim 13. 

rClaim 211 It is the semiconductor device characterized by for the aforementioned 
crystalline silicon film crystallizing the amorphous silicon film which formed membranes 
by reduced pressure heat CVD in a claim 7, a claim 10, a claim 12, or a claim 13, and 
being obtained. 



[Translation done.] 
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JBSCfcltS^'l^g^fiS I M S#5f-t1t^ft£:ifSi 
«<?>ft/|^«trt->r3ai3fL6. (HI (D) ) 
[0069] £J3, *^BH*^c7)fi]J.-C'l±te B a tffkOBIj* 
tcf m S -y ^;Hi#t«^ fc (i&^^iOfea^e^ 

50 lz{±mnmzl&isk''k£ti.Kc^t3§rz-L>ix&. 
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[0070] tZ *>1fi. WS&S I M StfrSrTJiMiFurt 

[ 0 0 7 1 ] ±fc« ^ * 'J ^Xgfcfi^rtriS^ 
yyiMtr lxio» 5 ~ lxWatwBs/o 3 iDiggrC3S#?" 

[oo72]^fc« Jhis^*-/ ? y v?T.mzi5\,^xmk 

[0 0 7 3] ^-v^vl^'JlM HfcLr^RtLTV^— 
[0 0 74] L^UtJSIfSJiKfctt^H^ttHcii^ 20 

^it^izmmt tssi-xmato ( siox -c^isix&K 

1 1 O^tc-^iixSTk^^ayVTC^tcioTf^Sg^ 
lE^^^XPSfcv^t^aiCPBJi^y^^^co 30 

[0076]^t. M&^mfcmi 1 OJi/Nay-^ 
H§vT-£Oj[gS*PlC± 9 — -/ ir/ltfr'H 7J&&SZS& 

[0077] lyjbOfiltcLT . $M hfeSS (»BHfc 40 

i) ii io^iT'**TL7tA.. atiy-f hm®£fi 

[ 0 0 7 8 ] Srii . *SliS0<iTi±yM 
i^#-?-L^ a a ai4^^^-< hn&t LXiSmLXh 50 
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[0 07 9] T^5— •7^&£f£&Ut£>, -g-cO^ffitC 

Kti. 3 %<0jffl5K5r ^^'x^- Uy/'J3 -;Mg?8E£ 
T>*=-T7kx-t&aLtii>c?>t:mMimt VX'n 5 . BP 

[0080] Z\coJLnX'B&2tt&f%Wti£ttJm58L®% 

jggiiioo Agj&fc-rs. £tz&m\±mixw±i,zj:->x 

[0081 ] <fct=, SI (D) iz^rtnizTJi^.—^^ 

juz-ijj±m<7)^?->i 1 2&mf8.~tz>. &&zcom 

itXt3<. (02 (A) ) 

[0 082] -fLT, Ml/T/U^— >1 
1 2£B«fcL*|IIgBKfc£fT:5 - d^Tfi, W&®m. 

tLX3%<oisj.*7m*m&$:m^&. zcom&mttj: 

^{c^SK-fb^ryPS— w<v^-vi l 2<7>raaatf> 
*t=fcvvcifi?rr&. Sot. 02 (B) fcriJivci 1 
3 J: o IzmW&ftmtmfSLZti-h . 

[0083] Ztcc\cr>j:mTJ8!&ZtlZ>f%&W£ftMl 1 

XfihitZ Z b tfX'% i> . <r co^&Vt<7MW&ftM 1 
1 3<T>mmi±0.7 umt-Th. HzZcrMi&MiYMl 1 
3^KJl{±^SS?-ft:^t- i. ->xwm-& Z. t * { T'& 

[ 0 0 8 4 ] 02 ( B ) ^-r^7LS«^gg5-ft^ 1 
< . LT . ft&m&mtZ'fr oZtizX*). 

[008 5] fcfc'U ^-r^.Kff?:900 Afc-Ti». - 
^IS(C*JV^{±, ^.?L«^^®K^1 1 3«rt3 

cm^s^^A-r & zimzm 2(b) iz^-r i 5 

WSlimi 14A^S;SfL^. *3t> KSS-ftS 1 14 
(Dmm-ilSOOAVlkt^? £ol,z&<-?ht , f^TM 

[0086] &LkcOXm£1£X-y4 h«@l 1 5 
V>T^-M httffil 1 5<0*ffiSrSat^O. tD 7 ^ 

[0087] <xc, isi®%i%wmttm 114 ST^L 
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[0088] zcoTMlzte^x . mmmtz^ffito&Wfin 
ZtifzV-Xffl£ 116k Ki^ 1 1 7fim$& 

coo89] mz, BfKt y ymtvmt &&£-L£a 

OLfiH-XfiT'toTff^ix-S, (02 (C) > 

[0090] -r*k. v-x««i 16, 

1 18. 1 l9&mtiLZtl.$>. *LT<yj hlSl 15 

ht<7) 1 2 or^six^s^'ees^-M^^^wg 

[009 1] SrfS. f^*/«Sai 2 0kh'W>- 

mm 1 7h^ra^Es$^ffiigjgT*B%®«i 1 9 

(i^:LDD <^-f HH— VfR«) ««i:Wf 
*u f^*;H8*»(l 2 0 i K W vflWl 17tco 

[0092] 4*. f-v*;wBa«a 120 

»*4«4tttt«a«0l*iS) «*tt43fcti*WWfcJltt 
=SrtRWCflWtS#L"CV^S. «£4fc«SS^t=Jttt 3 fr* 

[0093] $ JbS^ISHH * Vt0i3EAXStf0 

y^mz^^t^mzW^^W^^i^ix^ . 
[00 94] 4*:. ££Tr7X^**fW83£300 — 

350 x:^SJKEfflm5 —n^GMT-itaftKrcfcs. 

9 fcJSttJi+fcti IX 10" atoms / cm 3 KIT. »4 IX 
(4 1X10 15 — lXl0 21 atonB / cm 3 ^jftgrC*S**aSni 

[0095)^0 LT02 ( C ) {z^#mt)mt>tLfz 

t> . mzmmmm 1 2 1 &m-rz> . i^ssi 121 

■CfcoTflWcSfti. (02 (D) ) 

[0 0 9 61 a-fta*R^fflv^4k. srxsTaanLfc 

[00 9 7] 4fc. *aMHBlB»C*SsKy>f S F£ffi 
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[0098] act:, ji istei&Ki 2 1 ^ f*-/u 
c^jg^mv v-xis i22fch'W ytffi 123 

02 (D) (OTtTFT^KtS. 
[ 0 0 9 9 ] @2 ( D ) t^TTFTtiaBH^fca^fkfc 

10 sm^tmt^^x^^fp. ^wft<wmj:n^mz 
&yoyg& ■ »*ini*ifcTaBBra^)TFTaia 

h y ? x@8 srsis-r & mmr f t 

^\ a^-sr ^H»*aWM-&EI»TFT (>fyyWH 
[0 100] tJ*o«=^4WWBi 10* 

m&t&miz. *&mm*sgx'$>$>m&{z-o^xmw 
20 [0101] ^mm^m^Ltzm^. #f*4«±tt« 

[0102] ^<:tl&SiS^tsi*J:i;M^ 

(i. T7r<7^hvi?*mmihm^m£im~tz>iz 

te^tl*3 0 1 _Lt;r~7 F 
30 ¥#ttflrc*4. 

[0103] 3 0 2^0«aR"C^S^IS«*i--/ 

[0104]i^ ^atWt»Lfc*^«f^Str 
ft^4^«itt*^a 3 ali--y^;^nS^3 0 

40 tC^T^o 

[0 105] fif^T. 03«?)«tCftR¥S*3O4&E 
Wth^hX\ #t«4fci±tt«feS^ 

--/ir;WSnHi«3 0 2 ?r£«3 0 l <^m-h^±X'm 

-t&vtzxfflrri - 1 x\ mz^miz&^xmftcomz: 

[0 106] C:<?5«35r«ai:"f4k. ^-^^/P^ktt 

«i^*uf^*/u*mk. fMR4fciiasR« H H eOrt» 
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[0 1 0 7] BJH=>. TFT^iSeJlfcLT&tg-r-Slg 
[0108]&oT. ^UgCT{=^L^TFT{±. 

[0109] dT-. ^mmmiz^x^m^^tm io 
kl£H2 (d) iz^ztLZM&ti&kmcomssm&zm 

4(Cijrf. @4 (A) J±N^-r^MTFTiO«^»tt 
(Id-Vg , H4 (B) liPft^lTFT<7)l 

S«?tt£^LTV>&. SriK Id-Vg W&a^rt^^y^ 

i o^^ffl^ss^* ty>Tf^rs . 

[0110] Sllft^VGtt^>f hmEEg. *S«I?> I D(i 

y-x/FW vS^SDh-Sm^fit-ftS. 4fc, 4 0 

1. 4 0 3r^SfL5 Id-Vg ^HS (Id-Vg [&&) 

Wyi*mFTmfef£%: (SingleGate) 



=M Vl£EVD=l VCO^)#tt^L. 40,2. 404 
t?*Sn.4 Id-Vg 4tf£Ut K W ^SfiEVD = 5 V<7)l%7) 
^ttJSLTV^. 40 5. 4 0 6J2KW :xm 

BEVD=1 VcTjBfcO'J-^mSSr^LT^S. 
[0111] SriJ. 5f7fS« (04 (A) -Cti-lV a 
T, 04 ( B ) T»±-1V JSLt) OF W i^cE (Ioff) 

lxl0-»3 A (ffl5TFR#) «TT*S*>t\ H4 
(A). (B) Tl&S>(Xtmm2ttXL£~>X^&. 
[0112]^^i4 (A), (B)tC^ixS« 

^TFTom^^HS (fflgO20^a^) O^mT-ft 
0. *2{iP?--r*/l/STFTom5n*H± (£®O20j5 

[0113] 

[mi 
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(Vt>-5V) 


CVD-1V) 
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(VD-SV) 
WW r> 
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CVO-5V) 








(VD- 1 V) 


(VO-1V1 


(VD-1V> 


cro-i V) 


Point 1 


68.51 


205.30 


1.00 


3.30 


7.64 


7.79 


0.06] 


82j66 


160.91 


226.64 


02f> 


-0.40 


Point 2 


72.80 


210.05 


0.75 


3.85, 


7.09 


7.76, 


0.12 


71.10 


171.21 


246.00 


0.10 


-ao6 


Point 3 


74,35 


221.85 


0.45 


2.6S 


8.22 


7.92 


0.05 


8652 


170.60 


246.64 


0.1 5j 


-0,15 


pomt4 


62.61 


201.70 


0.40 


2.1 sJ 


a. 19 


7.97 


-0.13 


79jB0 


141.63 


197.88 


-O05 


-0L25 


Points 


48.07 


151.25 


0.40 


1.60 


8.08 


738 


0.00 


95.12 


113.99 


15326 


0.10 


-0.10 




74.00 


221.70 


0.30 


2.45 


8.39 


7.96 


0.01 


8431 


165-85 


243.36 


-O.10 


-0.30 


Point 7 


55.30 


176.60 


0.95 


2.65 


7.77 


7.79 


0.05 


8210 


137.19 


175.19 


0.10 


-0.15 


Points 


69.90 


206.05 


0.75 


4.35 


7.97 


7.68 


0.11 


75,06 


165.49 


232.56 


025 


0.00 


Pointfl 


60.91 


184.05 


0.25 


1.95 


8.30 


7.06 


0.02 


03.0G 


136.68 


203.16 


OjOS 


-0.1O 


PdnMO 


60-20 


189.65 


0.50 


215 


8.06 


7.95 


0.01 


7653 


137.96 


199.16 


0-30 


o.oo 


Point 11 


63.43 


195.45 


0.40 


2.40 


8-20 


7.91 


-0.06 


78.77 


136.48 


210.12 


0.00 


-0.25 


Point iz 


63.57 


193.45 


0.45 


2.40 


8.15 


7.91 


-0.05 


75.78 


140.50 


207.06 


0.10 


■0.60 


Poirt 13 


easi 


211.45 


0.40 


2.85 


8.23 


7.87 


0.O1 


7BJ62 


160.14 


222.11 


0.40 


-0.55 


Poirt14 


e&78 


204.05 


0.40 


210 


8.22 


7.99 


-0.02 


74-36 


148.21 


220.63 


0.30 


-O.50 


Point 15 


61.30 


165.95 


0.45 


2.35 


6.13 


7.90 


OJOS 


81.25 


137.90 


205.02 


0JX) 


-0.45 


Pdrt 16 


GB.7D 


2D8.75 


0.35 


1.90 


8J29 


8-04 


-0.01 


71.23 


151.01 


227.97 


0.15 


-0.30 


Point 17 


68.18 


211.50 


0A0 


1.60 


ft 


8.07 


-0.08 


71.10 


148.36 


223.84 


0-30 


-0.60 


Pom* 18 


63.92 


197.50 


0.40 


1.65 


8.20 


8.08 


-0.10 


75j64 


1 42.34 


205.02 


0-20 


-0.35 


Point 19 


66.07 


201 .25 


0.60 


2.70 


6.04 


7.87 


0.17 


87.23 


167.03 


216.19 


0.25 


-0.40 


PcM 20 


7057 


210.80 


0.60 


2.05 


8.07 


8.01 


OJ02 


79.04 


162-28 


229.81 


0.ZD 


-0.30 


™» 


65.37 


200.01 


0.51 


247 


8-13 


7.92 


0.01 


80.00 


149.79 


214.59 


O.I 5 


-0J29 




6X0 


16.87 


0-20 


0.71 


0.16 


0.10 


0.08 


6.78 


15.16 


23.19 


0.13 


0.19 
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(W>-1V) 
(VC-SV) 


KM 

(VD- JV) 


(VtJ-t V) 

r*c-*v> 


(VD-SV) 
(VC-1VJ 






«C0 

(VO-9V) 




j.reicncnfsi 


(VD-1V) 

(VC-CV) 


{VD-1 V) 

(WS-«v> 


(VD-1V) 
(VO-6V) 


(VD.1V) 




Point 1 


30.07 


68.22 


9.25 


59.25 


6.51 


6.06 


-1.11 


86.56 


11632 


119.60 


0.10 


0.00 


Paint 2 


36.67 


B6.63 


2.60 


46 70 


7.15 


6J27 


-053 


89.24 


13138 


13730 


035 


•0.20 


Point 3 


36.60 


BS.97 


2.90 


73.25 


7.10 


6.07 


-035 


98.47 


133.57 


138.47 


0.15 


-0.10 


Point 4 


36.63 


83.27 


335 


53.60 


7.04 


&20 


-036 


87.55 


137.19 


i4aoo 


035 


-0.20 


Points 


35-30 


79.59 


3-25 


39.40 


7.04 


631 


-1.14 


77JJ7 


140.71 


14224 


0.10 


-0.2D 


Point 6 


35-72 


81.38 


2.55 


30.45 


7.15 


6.43 


-ijoe 


73-81 


141.07 


141.78 


0.10 


-0.05 


Point 7 


34-37 


77.74 


5.50 


73.60 


630 


6.02 


-1.10 


82-63 


136.15 


136.94 


-035 


-0-2O 


Points 


40.70 


1D0.42 


10.20 


107.25 


6.60 


S.97 


-0.77 


73.26 


131.58 


14730 


0.10 


0.05 


Points 


40.70 


100 61 


430 


45.00 


6.92 


6.35 


-0.76 


7550 


13133 


147.14 


0.15 


-0.25 


Point 10 


<& 59 


74.66 


5.75 


132.05 


6.76 


5.75 


-1.10 


84.48 


127.76 


129.80 


0.15 


0.05 


Point 11 


37.07 


86.45 


430 


67.45 


6.94 


6-12 


-037 


7634 


130.05 


137.45 


0.40 


-035 


Point 12 


30.52 


68.83 


1.65 


37.55 


7.27 


6.26 


-1.15 


90:61 


12632 


122.15 


OSO 


-030 


Point 13 


35.17 


78.82 


1.35 


55.50 


7.42 


6.1 S 


-1.15 


8538 


14351 


143.82 


0.40 


O.40 


Point 14 


32.07 


72.71 


1.80 


36.40 


7.25 


6.SO 


-1.10 


86.46 


12439 


126.74 


0AO 


-0.45 


Point 15 


3336 


75.57 


6.60 


120.40 


6.70 


5.60 


-1.10 


8430 


1S1-58 


132.66 


0.40 


-03S 


Point16 


35>5*» 


75.10 


3.50 


47.90 


636 


6^0 


-131 


8433 


12235 


124.64 


025 


-035 


Point17 


34:26 


76.83 


4.40 


64.35 


6.39 


6.08 


-1.14 


8328 


14t_58 


141.58 


035 


-0.25 


Point 18 


3i3i 


69.91 


5.40 


25339 


6.76 


5.44 


-1.1B 


97.07 


123.17 


12S.46 


0-25 


-0 50 


Point 19 


36J26 


86.80 


5-80 


52£0 


6.80 


6-22 


-039 


79JB6 


126.53 


134.64 


0.40 


-0.25 


Point 20 


37.60 


93.11 


2507.90 


17345.00 


4.18 


3.73 


-030 


9934 


125.46 


136.94 


0.15 


-030 




3436 


B134 


129.65 


937.03 


6.81 


5.99 


A SB. 


8438 


13030 


135.39 


0-23 


-0.23 




3.0O 


3.49 


559.79 


3862.36 


0.66 


0.56 


0.14 


634 


738 


8JZ4 


0.18 


0.16 



[01151^1,^2 tt^rmz&m-r^&U. * tl. ^Sg(«ax) <^F%<g»il94.0c»* /Vs(n-c 

-tJ-yxiz/^a^H^tS (SI. S-value) A>"60-~100« 20 h) . 131.8cB*/Vs(p-ch) TfcO- g2tMHJH438.5(n-c 

V/dec coStlRi ZWbZ < . ( *iFE. t KT U -r W . 10. 2(i^ch) Z'$> •» . 

^ ) *>'150 ~300ctf/Vs fcV^8Hcgtf>-C*£V^fcT- [0121] fiP^. *^5rfJffl L/iNf+*;HTF 

[0116] Clfl-^^&f— ^{itsa6COTFTT-<±5a ( 1 ) Sfi^tf <S*n0i»V/dec£lrt . L< l±5aV/dec 

^aJiCf^iSt^MOSFETtEESrrS^r ^14^=5: (2) Sg#80±30«V/decia*k if & L< {±80±15»V/d 

[0117] * 7t|a|ffiftr. J: S T FT«#Sfc: ( 3 ) //FE<O<jM#40cnVVsfclrt . L< {iSSctf/Vs 

->-C*B3fUO*5. g«WfcJ±!KfflfM-*TFTtt [0122] ifc. aWWJfcHJBLfcPf-^WffiTF 

V *S Z t tf$)W LTV^. (DSfWfl mtftfaV/dectm . L < (ilOnV/dec 

[0 118]"ifc. ai. I2di#ttLtWIfc JSrtfciRii. 

.kt/wwaa ( (Tt) i>^m-rz> . mmmmz^mfr ( 2 ) saw ao±45iv/decart . *f£ l< t±8o±3o«v 

^{±a^m (#ma) jWQI** (^^ryM) ( 3 ) jufe^* «»*i5c«vvsiart . »s l< Jiioctf/vs 

8.3%. ±2acr,mz95A%. ±3 o?)PilZ99.7%tfX 40 [0 123] liLh^«t. *JBWfcJ:*TFT*iSftT 

[0 1 1 9] MUZ. *JKBKiJ:Oft«U<:Nf-+*^ JLKfa8LfcMOSFETO»*«ttfflS*tTV^a** 

MTFTSrlOO SSI^-rtLtf. -ecOrtfi95^iOTFT(7) WKjrSRAMHifr^D RAMESf, ;SaH&#2r!&gfc 

S^'60~100BV/dec (Pf-A-^STFTO^-^70 -taa^-/ ^IUS&S:fil^-r^«I fc**°JlgT£> 4 . 

-100«V/dec ) oeffllClR^ 4i t ^®l*L-C^S . [0124] i^Smc^y^)^^ hfllitcO 

[0120] *Wmt>\t~ ^ife^TFT^HSO^- TFT^fSXgCT^ASrffi^LTl,^^ VTAr?* 

it^iOjEGIC^fil-r?.^. 540f!<7)TFT£Sl5£ hlfit^T F T^ixiaJL^'f bmS^^Ti-^^Uf- 
L. -e<7)^m*^^^fci;l/H^ffill^^. MSjtiOTFT{c«LTt^ffl-r^C:i:* 5 T-^^. 

fe*. SM^^KiSO.SmV/decCn-ch). 80.6mV/dec(p [0125] ^Jt. ¥4 hWMt LTfePatt^KSrJH 



j 



(12) 



¥10-1 25927 



.21 

[oi26] i*miTfte>tiztii&mmmzmt hm 

zm£ktmfcT&zzuiBtici&<fc. dim ** 
wiz x &&&&&& t m<ojrmT'&f$.2 tu-zt££,mm& 

[01271011 BRtf^Wi. 5lSfcW 

[0 1 28] 01 l££tvr tufts 
^^^i^Jitt^fB^rtSS^Ji^S^ia^PB ( 1 
1 0 lT*£*U.P3rt) L*» 1^6*6, 0 

1 0 (A) K^H-TEM^WTii. *<0&3r!EG£XPg{i 

ass*.-?, zix^mimmtzc'ix^&ztww 

[0129] ^BBtcfcV^r^ND^ionmS: 
[ 0 1 3 0 ] 4fc. H 1 2fc*-rt6»»»Ktt. *Aft 

coJl^gi=&?T3Ii:T'IN B B ®^3gK5:^ a B ^tL.. 900 
~1100T2g£<^SrCSSRftJ^£f8^T&£ . 
[0131] l^aaHcLT«j£L^Attg%BfcL 
012 (A) (=a*?1X£fl*0j£A&&<:*& < . ^F«B'J 

012 (A) SrgJWCSLtt^U 
(B)X'hh. 

[0 1 3 2] 01 2 (B) CtJVVf, fefiffcl 2 0 lit 
7F®ffl%ft.Rl 2 0 2{ci^-CH4ix/>:4fcSt : 5:oTV^ 
h. SoT, |ggC01 2 (A) ^-rS H H affiit*2:T 
FTiDSttJf t LTfflffl-T^. t « ^W&%ftL%- 12 0 2 

LTL4 -9. 

[0133] 010 ( A ) {zJrrtW&m&Xgfc 
\i. 010 ( B ) IZrttmz . 1SPb&# 10 0 2 
W£<0%M&£i>~>X&MLt:tmt%:'?X^Z>. 

x. ttttttzte&w&ikcoftmz&^x . *^'jT<7>f? 

[ 0 1 3 4 J Srfc, *»|J#6aWtt4fcl±tttti8A<0 
l£?I*t©^ l~577«^KOJ£mSTS^t3tSm. ft 

mz^ttfa'wftfro z t izmM-t&mmx-h o , £ 

fi^TI"l3& ! «ft LfcgfBrfcrtt— S^fSW^iSS irT V ^ 
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[0135] La>L*#^#?&Hfrt£>«i. 
tt^^ai^coin^t^-rii^v^fciifllLT^S. bp 

[01361 ELkottfc:,' iiS«07-D-fexfteBM:L3t 
^.y'Jnx (dfy^Un^) JK»±> 01 2 (A) tc 

io iKtwz&gjmttL. v Tvi&mzmhmz* 

[0137] U&»L$n&*6, *3OT£J:*1£attS'y=i 
0(A) (=^WSrl£JUKB^l.. ISA& 

i:#;c£>*L£. EP*>. *+yrfcMI4»IMFS 

20 [oi38i#t. xmiizJi'o'&btiz&m&ttm 

tmt&tfh (ttft3rffl£X*.4r*<&) *-f-HKS*"n 

[0139] *«^6<affi»^Utfttf « *^tc 
i itsaAttsmmaHSuz* y r h 5 »rt * 0 

a Z.mi-Z&fS.Lnc^X'&MLX v>< . W&>Z&&coM 
^Xl$l&ZtiZ>3z<$iL^8ig , Bm3k#X'$>&tWt 

30 [0 140] CHJS512 3 *HSSg?Ji«fe^lT-^L^ 
TFTT-t-?TCMOS@K£f5|£-r£WT'£>£. CM 

FTtPft *;HT FTk ZmfflMzm.A.<&irV:Xffi 

[oi4i] ^mmmizioifhCMosm^cofmi.m 
o-^ifew^05. m6£m^xwm-&. 
mzxo&f&ziiz&nB&mmmn&mscmiz&K . c 
mo smsi-jBfltrs^ii^ifeffitRo^ twrji 

40 [0142] 4-r^igM 1 iz^-tfrn^mizfe-ix , 5 

5SSS5 0 l±tCitfl:^M5 0 Jbtc 
ga^Stl (05H!r-f ) Srtti.. -e UT-eix^^- 
- V^-T^ rilClONft ^./UMT F TCDS^^ft 
J| 5 0 3 fc P i-X 4;HT F TC0S«^*S 5 0 4 fc 

[0 14 3] Irf£¥^&J15 03, 5 04Sr^LJt 

d . i^mzm-cizymg&zm&M itmti>cr>t-t 
h. zolx. himi&t Lxm?t?h?mim5 

50 0 5. 50 6**500 kcnmZXl&tfLZtlZ, . 
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[ 0 1 4 4 ] Srfc . Z £TJiWH£ffl*fci-Sfc*fc— 
N *;UST FTfc P^Ar *;HT FTt £ BtfL 

[0 14 6] ztoTfrs-trAMismmifm* to 

it^vfrn^^-^mmmzm^xfto. 

[0 14 7] hnvma*-!:^^! T/PS 

EtU^JhKBIttHa LftBUHtfev^ Is a - h *9 
[0148] T^^^^iWI^fflt LXlif >9 

[0 14 9] ^3LTi5 (A) cD4£g#t§£ft£ o T 
;P5^Ai<7)A7-y5 0 7. 5 0 8£?gj£L*:4>. 
#:t. 56«tHlkH«eo^rfcorr;^5-^BK) 

0 9. 510 . *l!tBfrOir*0«Ut<?)H 

SBMtH5 0 9. 5 1 0<ORffS:0.7 xzmfc-rs. 
[0150] S £>tt. 1 fcH«<?3*fr-C«> ->X 

^T»H2:»fiBHfcR5 11.51 2co^j££?Ta . 

fztzL. ^mmmTitz&mj^woo At^hmizzm 

3. 5 143&*B5e-r&. LT05 (B) ^asrtfs 
[0151] mz, NSSr#4--rS^Wfti: UP ( 'J 
ii. 0.2 — 5X10 l5 atoias/cia 2 . $?£L<(3 1— 2X10 

[0152] ^0^5 ( c > fc^crxgoe*. 

izP >( ytyffi&X^tvTzWAS 1 5—5 1 8#JB«3*i. 
(H5 (C) ) 

[0153] act. bhl hkl u vie*a^Lfca« 

^*fflV^T^»RO»tt»fl«5 0 9h510^ 
*-*"4 . <L<7>B*. MBSftJR 5 0 9. 5 1 OOiTTCfi 
!LfciStt«*8tt, >f*v^£ftT^vtf:tf>^« 
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[0 154] B5 (D) fcScridfclft^P-f * 
yco&A£fto a Z(OP<i*xr>&X\i. K— Xi£ 
0.1— SXlO^atoes/cm 2 . jffiKtt 0.2— lXlO"a 
toas/c« 2 fc^offiV^fc-J" h. 

[0 15 5] H5(D) ■CarTXS'CtftKh.iP 

A *>cr>HA\±*co K— XSSrB 5(C) fciRf-XSfc: 

ifc. :^)Ig^l. SS51 5-5 18£ifc«LT 
^tt%^co{Sv><OtS^!R5««5 1 9-52 23WB 

10 

[01561S5 ( D ) fcSt^-XB*%TLfc«jirCN 

/HTFTW-XS«5 15, HWVSU5 16, 
fi«8PmftW« (4fcttLDD««) 5 19. 52 
0. ^**/l«j£$KK 5 2 3^3^6. 
[0157] ifc. W«=^L*v^3WSMBK«R5 1 1 

xa *>i^zm^tifzmW)^v*j\^j&mm5 2 3 

hfiffl^Fa?^^5 1 9. 5 2Ofc05ra«£«RW'S. 
i««WW7-by h«*fcW»U NHBMUR5 1 1 

20 commxzco&m^feztiz. 

[oi58] *7-fe y h««u>r *yaA3*f«8HW 

[0 159] <£t. 06 (A) fc^«k3tcfe«ON?- 
t^STFT^S3 l/y'Xh7X; 5 24S:*«f 
30 £. >eLT. 06 (A) ^Tt»^V^P£?:^ 

[0 160] B>f sfV^H— 0.2—10 

Xl0 15 atoas/ca 2 . »^L<ii 1— 2X 10 15 atoms/cn2 

^fc-r-s>- <r<7)K-xaiii25 (c) t^-rp-f^^ 

[0161] i^XStC-tOW* (P-f^>) ®1S5 
17. 5 18. 52 1. 5 2 1^SSi^TNI^^ 
PS'vfcRSt. PfY^HTFTOV-^5 2 
40 5. h'M ^SiS5 2 eimWLZtlh* ^-f h« 

S5 1 40iTl r {c(i:^^^l^^^5 2 7 3WBj£S*i. 

[0162] 06(A) tc5rrxSO»TGL 1/ 

y^sixfc^^flwsa^s**)^*. (06 

(B) ) 

[0163] mz. 06 (B) iz^-timznfz^. m 

50 BBeM«5 2 8^4000A<7)J»SC3tfJS-r«». WHJftSK 



1 



( l< 
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[0164] mzay? 9 Y ff\K N^- 

^^./PSTFTcoy— X«ffi5 2 9, Pf+^;HTF 
TOV-.xmg5 3 0iS:i&£-r6. KW^SS 
53 lliNf A-^STFTtPf +*;HTFTkt 
ft*Tf SS&ffi&fc-TS -IfcT'CMOS EWaTOGRSii. 

(06 (C) ) 10 

[0 16 5] «Jtoa?3r3SgSrl£-C. 06 (C) iztjcf 

tmx'ZczcMosms&zftm-tzzktfX'Zz,. cm 

OS0j^d^km«5:lfiJ£tfW ^;<-?®S&~ct>9 . C 
MO S 4 ^A-?^£CBff|cffftHJ»LT»j£L«: 

[0 16 6] CLZ\Xffl7 (A) lzM-t±M?fMli. #35 
X'^mViz. 

[0 167] =5rii. 07 (A) t^t'J^xl/-^ 
^S^-TSC MO Sm&<7>74 h«&lBf±£X>.6 yimt 

[0 168] $.tz. 07 (B ) VXi*-? M/ 

^'X^|5Ii8<7)^wS-^rr. 07(B) t*t-/7M/y 

^-otiO. IlS^TK^^Jg^Oyy^ 30 
flffc. *¥t63§EJ8 < V-XWB) ^7 
* BBtiStabfWCRM H z -HS+M H z SK«#E 

[0169] u y7*isv-?&&<o%mjmm),± 9 . 

19. 5 lfi {&) «>CMOS|slH££StLft:*J 

g<0y>-^3j-^U-^T- 300MHzJJLh. +tcti500 M 

[0170] ifL ^©iftStWfmXg-Cft^ Ltz D 40 
fc£S*l,TV»4. l~5VcoHHT-m^*SS: 

s-> t t> *w»+Hit5M h z <Dfmm%im:m& lx 

[0171] l» >r*^\s-?fflMi3Mm&2imr 

hiz#><r>7-*Y^?—yx'h*). seic^M/^^ 

UlSg^ra-fc -y -9-IUKi: V ^ a is v 9 @8&£8£j£; Lfc 
-5. 50 



) ^10-1 25927 

2 6 

[0 172] L*»U *% B J5:fiJfflL/iCMOS|5ISS<i 
lXimiEZitZZ\tibr*imx-h9 . h^hvi?-,?® 
[01731$ f-V*/kKa*0.6 ;umfcSi*ycBfc 

&&ztvr. mubxm^tm&ziiLx^h z t zmm 

[0174] tt¥m<r>mftut>*t>mfrti&mm) mm 
itiXx/mtm2x^Ltzmc *»t->tffsjL 
izTFTam>x7S^\m. (Tssmm&t* immm 

tt) £$mLX^&. SM#60~100aV/dec , M 

ftf&m&mg. (vFE) # 150— 300c* /Vs iOKffltJRi 

s (ffi^rs^'wg^sif^^a^ttfe-ptsv^^ 

&ii&&cr>TFTX'l±mmtLLz.tt'>?-zm 

x-$>h. 

[0175] 4fc. £OlifraBK»fHre&<frL/rir*&- 
mi. J: 3. *^4»JJ*lftJ:STFW 

^ztiiib'ix-m^itmzmtLx^^^mL. * 
zfr^^comkzm&Ltzcox'&LTiz^m-tz . 

[0 176] TFTcDgffi ( V-X- KW XSffiS) 

Ji. -e^^rfiiittLTt^iftje^lSOcaz/Vs 
[0 177] ^^T-*%B^^t±. *««tJ:STFT 

[0178] E0*>. *3HB*tl±^-*-*/WB«««fcS 
[0179] *tW*Jtct±. iHiMffittT%&liA&*ft< 

kw yn&tm ?z#m ( km 

X'hh. 

[0 180] iSULSrifctoSi:. &&&&& 

mmz?s&mizmmi.tzt%£. ^*r*>mf£.mmimT 



y 
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[0181] ^t, iS2o<o»j££»fc-$\ 
[0183] *tf>*£jfL *«B«fel4JH^ir*/W»*0 

fmt&mttmjte&m-h^^ti. z.zlx^co 

[0 184] HRWfcT^-f (MOSFET. T 

[0185] «ffcHiai:=5:S^t^x;U— 3Sa«iy — ^ 
[0186] T*5EW*^«i*3S6ffl^»Sfa* (K 

immm em&iz&s lt; f-v */i^jw>.oi~2 

[0187] Cl^«^»«l±aiMtH84cStt«*»l 

«kf idtTaa-essfc^^ixs. 08 (a) t 

fcvvTT. 8 0 11*7— xfS«. 8 0 2{±h*U>f ^fSa. 
8 0 3 *;Wgaa«"C*> 0 . ^ 8 

0 3 w±Aaw^^ttUsTa«8 0 4 3&ggas*i& • 

f"^*/WB*«W8 0 34>. T»*W«8 0 4ia 
^h^a 8 0 5 tt . WWfcKtt 0 . * * U 

[0 188] I^T-H8 (A) tc5r$Hii«±. SI 0CC 

EH*>, ilOcOlOO lT*^ix4feB B a &^iS 
8 (A) c^«ftfi«8 0 4fc:ffiSU HlOiOtttt* 

fc«itt«fi B a H ii:si8 (a) co^yr^srrs^as 
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[0 189] ftoT. ^*/WBflt»«8 0 3rtfcffiB 
[0 190] £jfc. M8 (A) SrA-A' X'tyfSi L£:Br 

®0*08 (b) icsrr* 8 0 6*±*&g^ffi£3rr&s 

10 H8 (A) £B-B' T'^JBrL^Bf® 

^£08 (C) tc^cTo 

[0191] =Sri5. i8 (C) fcr^vrwpi.nii^iftl 

ftK8 0 4*>n£«u wpa^i^uraqwr*-** 

*0«Sraf. ClClTru mlifir*WMt««8 0 3 
wpa, ^'rafg ^^r * U 7*«ltS«Kt* & - t £ 
[0 192] ifc. wpi,n£i:l/wpa,iK^|gte*£^ 

20 

[0193108 (A) (C±3^T. fY^HB«S«8 
/HBWOrt. 5pttft««8 0 43yiS : fi'LTV^SSWpi 
Wpi, 2 . Wpi, 3 • • - Wpi,n£-r&£. w P w±ye£-cgE 

[0 194] 

[SI] 

n 

Wpi=ZWpi,n 

[0195] fiL; XttimRt 

[0 196] £fz^ f"-Y^;HMwcort. ^r^yro^is 

«W8 0 53&*iS*L-r^SIB?&Wpai:3ga«"S. 

Wpa, 3 - - -W P a,.fc-f£fc. Wpa(i«^T*^$ 

40 

[0 197] 
[»2] 

m 

Wpa= Z Wpa,m 
m=1 

[0198] {IL. W^«tc^^*;l^B«fBttW)3|ga5 
&cqx\ f-+^WB«ffi«tt^ 3 3:< 1 1> 2^$fiT mli 
50 [0 1 9 9 ] IH^>. ±^*r ^;^W{^W= W P i +W P a. 
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n + mli30±t^om&WtfL r )±->X^Z> 9 Z 
L/C. WhWpk WfcWpa43«fcl/Wpifc Wpafc?)lliH$ 

W P i/W-=0.1 —0.9 . 
Wf>a/W=0.1 —0.9 
Wpi/Wpa=l/9 —9 
[0200] £iX^<0&3S<7>^l*-rft k ££HL Wpa/ 

Witf. Wpa/W=0 (Wpi/W=l kH 
8) f-^*/WB***ft^fc^FI«I^T» 
WC L * 3 tOT^r * V T<^mtmM^ tl ft . Wpa 
/W- 1 (Wpi/W=0i:H») <0i§£-. -f-v^/HgjS 
WHHB»i^< W K W >fB^£ 

[0 20 1] SI. »2KHW-&jaiflJ4SdiWl 

[0202] *wmit>\±msm i -c* Lttm&om 

[0203] *»#&6«A. 3SMS;ftJfc3««*>£*^ 
ROStthX <5c^JHW5TFT3WL-C^*WB«) 

[0204] 

XtFE= 1/ Cox (Aid/ AVg) • 1/ Vd-L/W 
dTCaxfcty-f h«ft«S*. Aid. AVgii«l 
filh'HytaidfcW h«EVg<0^fc*. Vd 

[0205] <T C7)5£^ hj^ 

[0206] l/pls:* 5 ^ .ai . m2£m^xmwL 

ft* fip*>. ftA t *r^-\- ^)U^W\±^]^Kc^-y *wMb 
[0207] tUt<oa*t J: 0 > 138* 0 fe^S^f" 

0cm2/Vs S:«i6WS*ta«"*-6TFT3&«*RS<tr 
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.3 0 

[0 2 08] 4fc, ^&1*rlgS£S8 (A) lz9jk-tm% 

Brow* * - fc lt* ^ 

-fft. 

[0209]g^&f£(juFE) |±2pawHB(-^TISi« 

ft ) *<5o^r -r y Tissue i 

i^K£;feMtftifc&li:^^ 

[0210] 
[R5] 

-1 

//= (l//iH-1//*i) 
[0211] ^<^5T*SiiS*tt.-^*W 3 Sr»a* 

lattice £s*ir&) osaiJit^s^a^s^ 

SScOft(cRH:0rr ft - 1 5:M& LT i^ft , 

[0212] ,r <r x\ tsntsxa k y 7 
■r&. f£->T. TexmmM (m* ) tjas 

(T) ^^Tt^5. 
[0213] 
[R6] 

-572 -3/2 

/<i (m*) T 



50 



[0214] ifc. ^F«*»afc:J:ft»»K/*i ii. a 

[02 15] 
[»7] 

-1/2 -1 3^2 

/ii « (m*) NiT 

[0216] ^a^^^ifth. ^^jum&m^ 

mstLr. ^-ryTtko-ciHrwHfcttTfcft. 

[0217]£P^, aaWt-«»7t*5V^T'f*>''ftL 
7t^«5^©J^Ni 5:KO^:<o;ci£o';tft«rh$:»* 

ift^ft^T^^»»K^ttlS , 3 : 0:<»»ft^i 



3 1 

C0218] (a) nza^x^msmms o 

4 -r^^Tlni «B&^ff t %Z>mizWMZti.X I ^ 
«I t liS^XSy & . ^ co^ffiMJi. 0 1 0 (c* t 

[0219] «I<D«$rEafc Ufc^-. ^*#H!I«S<8 0 
4Ji rAtt0»l£Attftj fc LTS£Sfd h^i^^Sco 

[0220] itz. Kl±.e>m%ffif8.k-tZ>ZtT. 

[022i] i^. m&nmzYu-i ymszzmwztf 

T'ffit£EO|S]Jti:^tC^^.^-y>'3/PF#tt (Sl)tO 

[0222] t/X U y 3 )V H#tt<7)[fij_h{±, *fifj£ 

t *'*-C# £ t n 5 ifSftfr ^eLTWWcBKBr S £ - 
[ 0 2 2 3 ] 08 (A) T-SrTffijSfc LstBHc. 

m<?> &#>zfm£±mtz& tsat ^mx-^n-rxh 

3££M'&m.t:'bZ<X-Zit3!ri.t>ixZ>. ddT, SI 

[0224] 
[S3] 

S=d(Vg)/d(log Id) 

[0225] zco^amAiz^-ryyyizm^x. Id-V 

[0226] 

[&4] 

S=ln10 • kT/q [1+(Cd+Cit)/Cox] 

[02 27] 3a4(CfcV%T. ktatf/P-y-T'^^gL Tl± 

qatwi, cd \%gzjmm^ citi±#® 

tch<T>X\ Sft£85aV/decade lilTO'hSSrefr&.r 
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3 2 

[0 2 2 8] *jfc, S^S^fiCd ±Jil^#ffi?Hfl[cO^ 
Wg3Cit£0(CTniE#&9^(t£.rfcT\ Cd =C 
it=0fc=5r£JI»Wg. ffl^>Stta*60«V/decade 

[0 22 9] fci^T. *5K8{±#ttt*3t«ft*^ScO 

tiz>*ffiss.x\i. ^moms^Lmz^-th^mm 
mbLxmmim-izmm^smirm^xb^K ztx. 

ISSUES-?"*. £ i: &b * *» & £ . 

[0230] «-5-c, x*/mf— t 
?Fmmi£X'h%g&> i h&t.wz-io. en-h. n*-** 

[0 23 1] ±fc. ^1*jMa5:P^^:<iB-f5rvCiS 
[0232] £Uhattlc. *fl!^<i*«H«}ST-^r^ 

xomfrtixiffltix'ihh. *mi&.zmm-zztx\ f- 

v *-/l-M&Wf>xm^ * 9 a yiJSwf® 

[0233] CHS6013:) ^agWT-Ji. 

[0234] m®mcoB&&mi£ 700—130 0"C* { 

[0235] i/i. >-}i/v- <7^ftK-fW4iiSO 

2 % Oz-H 2 Hz O. 0 2 -H2iK^^:t*c7)#H^T- 

[0 23 6] ^'J=7^^i^n-{± I C^rh'iO^ftc^N' 

40 %^ms?zmfcT&mitf£.x-i}i2iix^h. 

[0237] 3(s^UfeCT(c iiUX . *^ B B B lcEgirr^gB H B 
icjfc^* 

[0 23 8] ifc, v-yny^x^-JiOICJifcTF 

K5:1S«:-r& ^ 1 1 ^TfigT'S) £ . 
[02393 C*fc0H4 D *St«0fCli, *»fl*lGffi 
LTfSSUfcTFTSrDRAM (Dynaaic RondonAccess 
50 Meoory) IC^fflL^lCOUT^B^Ti.. ^^(±0 
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1 3zm^zztt-t&. 

[0 2 4 0] DRAMiiM&t&tfmZVffit 

t y-fejM&IJMW - S T F T 1 3 y^i^-^lHlK^ 0 1 3 

(a) tc^r. 

[0 24 1] 7-F*l 30 lfciotW Ht-t*4 
i.£>*l*i:. 13 03T***t4TFTJ«raM«ik s ar 
& . iOttHTtf y Mil 3 0 2ffl*>*> 3 ^T^tf 1 3 

0 4 K1fif*^;sftTlffB&3^>^*f 0 . 5E« Lfc 

h. 

[0242] DRAMOffirffifititSriai 3 (B) (C^ 
•T. 1 305T'*£ix£<?>l±, ^^^IX^'J^ 

[0243] ±ie«fl: 1 3 0 5±K«±T«!>Rfc UTBc-fk 
13 0 6 jWSKStU ^coJitcti^JKHSTjEffl t 

msLx-httiz. Tvmi so eh vxfm&mzm^z 

Zti>XZZ. ttz. 13O7«»t011fc«->T»lS 
2tUZt£&MX'i>Z. 

[0244] gttll307(i^M hfegKl3 0 8T 
Sgfcft.. *<r)±J,z\i.*r4 bSSi 13 0 9 a^jSSixS. 
-?-Lt\ *cr>±.lzmffi%mm 1 3 1 0**f»f 3fT-fcf£- 

y-xtsi 3 i ;«v-xssi3 

1 l*5#*fcH»*fct*-yMfcl 3 0 2J3J:W13 1 2T 

Tssfiamfewewsa*-*. 1 3 i 3{±&*iig?-c 

[0 24 5] -TO^SEl 3 1 2im£M&Z&-h. 

VI 304£^j£-T£. EP*>- iconvx^-f^sHS 

£ d t TlSttSgT- t LX<r>®mtt-Th - 1 • 
[0246] D R KUammt 1 Me>* * 'J *<S*^"S 

[02473 ifc. TFTJffl^TD R AM-fe;U5rJ^^ 

[0248] CUfcfll 5 3 ^Otffi-Ctt . 
LTf£SL*:TFT2rSRAM (Static RondooAccess 

14SrfflV'>'&C:i:i:-r&. 

[0 24 9] SRAMt±7ll •yr7D y7^iOKSStsl 
N-OFF£>£V>{iOFF-ONc7>2 S^KJBCtfJB L 
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T23£1ISBM (0;£*:<;il ) Sra«H--&i)OT'J)S. « 

[0250] ffi1tlH]SM±N-MO SW-MOST^ 
£*T-&. 014 (A) (C^f SRAMfiOlHlKJiSiSm?^ 

[0251] 1401 -CSSifcfcflHiV— KtfCfc 0 , 
140 2lit*-yMrC£>£. 14 03te^ffiinrCHlj££ 
Jl****^**). 14 04T5?3it*J:S'fir2M«5 
A'h7yyX^t 1 4 0 5X-5jk2tt£ <fc 3&2I& 
10 wr^-feXt-^^'X^fCSRAM^ff^tlS. 
[0252] TFT<OBM83S£0 14(B) fc^rT. 
53^«t> L< Jiv-'J 3 ^SSfSrS^tt 1 4 0 6±lz 
Timt LTlHfcJtifl&l 4 0 7 £j£&U f«±(;* 
f6HB£JSffiLfcTFT£ft^6«rfc#-C£S. 140 

[0 25 3] igffii 1 4 0 8li*-M h^S11409T 
SJrfU -5-^±(C{±^"M h'^ffil 4 1 oaggjssits. 

-eL-c. -?-<ojitcss3e»Ki4 1 nmmztuz&, 
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